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ABSTRACT 
STROCTURE. HETANORPHISM AND PBTROGBNBSIS OF CBHTRAL AMD 
OUTER CRYSTALLINES AND GARHNAL GROUP ROCKS OF BHILANGNA 
VALLEY, GARHWAL HIMALAYA 
BY • "^^  ' 
RAFIKUL ISLAlk.''^ ^  /330/ k \'*^_^^ .. . -f^ >^  
>^. , I \ 
20 M ,^' i/J'' 
An attempt is made in the present worK to study the 
structure, raetamorphism and petrogenesis of the Central and 
Outer Crystallines and Garhwal Group rocks of the Bhilangna 
valley of Garhwal llinAl*ya« The rocks of the area have been 
classified into three major 1itho-tectonic units. These 
units are the Central Crystallines, the Outer Crystallines 
and the Garhwal Group. The southermost, the Garhwal Group is 
••^crated froa th# Outer Crystallines by the Chail Thrust 
(HCT-I); and eh« Outar Crystallines inturn is separated from 
the overlying General Crystallines by the Jutogh Thrust 
(MCT-II). The Central Crystallines is further subdivided 
into the lower, th# aid^lo and the upper sub-units. The 
Outer Crystallines it correlated with the Chail nappe of 
Siala Hi 11a and tt>c Raagarh nappe of Alaora area. It is 
lurcher claaaified into the Pokhar unit and the Ghuttu 
unit. T1tic 6\itt(tu uttit,«xpo»o& in t>i* Vt%^ tA ^buictu 
window,is surrounded by the gneisses of the Outer Crystal-
lines along a thrust contact. This thrust is the Chail 
Thrust (MCT-I) and is characterised by the development of 
cataclastic rocks. 
The rocks of all the three tectonic units have 
suffered comnion episodes of polyphase deformation, showing 
similar structural features related to the three phases of 
deformation, D., D, and D_. The D. deformation produced 
appressed tight to isoclinal folds. These foldes have folded 
the compositional banding of metamorphic origin. The compo-
sitional banding of metamorphic origin is the original 
planar structure (S ). The S. foliation is axial-plane type 
and is developed during D. deformation. The mineral linea-
tion L. is parallel to the fold axes of F. folds. Large 
scale over thrusting accompanied by mylonitization and shear-
ing took place during D. deformation. F- folds are tight to 
open type which have folded S. axial-plane foliation. Pokhar 
synform and Ghuttu antiforn are two major structures belon-
ging to D. deformation. 0. deformation produced F_ folds of 
open type with their axes transverse to the axes of F. and 
F. folds. The Kink folds appear to have developed towards 
late stage of D. deformation. 
Three metamorphic events, viz. M., N. and M. are 
recognised. The M. metamorphic event produced chlorite, 
biotit«» garnet, staurolite and sillimanite. The snow ball 
garnets (S-shaped inclusions) are syntectonic to D. deforraa-
tion. The M. metamorphic episode is synkinemiitic to H^ de-
formation. Since most of the minerals are having two phases 
of growth history, it is inferred that the micaceous minerals 
continued their crystallization during D. deformation and 
growth of idioblastic garnet (II) and staurolite (II) occur-
red during this metamorphic episode. The M« episode of 
metamorphism is attributed to the regional retrogression, 
like biotite and garnet altered to chlorite and sillmanite 
altered to sericite. 
The geochemical study of the metabasics of Garhwal 
Group indicates that they have undergone spillitization 
during the post-magmatic eruption. The metabasic rocks are 
essentially composed of pyroxene and albite with chlorite. 
The Na^O content is high and CaO content is low. These 
mineralogical and chemical characters strongly favour their 
spillitic nature. The geochemical characters infer that they 
arc the typical tholeitic magma. Presence of normative 
sephalin* put them in calc-alk«line field in AFM diagram; 
this behaviour is due to aoda enrichment during spilliti-
sation. The major oxides and trace elements reveal that the 
rocks are having typical oceanic tholeiitic affinity. 
Probably the rocks ware generated and emplaced within a 
spreading centre. Majority of the metabasics arc Mg-
tholeiite, but Fe-thol«iites are also there. This indicates 
that these tholeiitcs were derived from more than one paren<-
t«l melt. Plots of aotabaaica in the cation grid diagram 
A 
indicate ch«t they must h«ve equilibri«t«d at tcttpettur* 
1250*^C-1350°C and at preacure between 5-10 Kbi bafere their 
eruption. Probably the melting of the source region occurred 
at about 25 Kbs (- 75 km. depth) preeeuree and Vnm malt was 
generated by about 30% of partial melting of pyrolitic 
source at about 1560 C temperature. The negative trend of 
Al-Si cation grid indicates an evolved nature for the melt 
involving low pressure plajgioclase fractionation. 
The field and geochemical studies of the granitic 
rocks of the Outer Crystallines reveal that the granites 
have been formed by transformation of country rocks by 
metasomatic processes. The granite gneisses are of S-type. 
The calc-alkaline trend is due to the alkali metasomatism. 
The S-type granite gneisses are formed due to granitization 
and alkali metasomatism of metasediments in the ultrameta-
morphic sonc. Low Ab/An ratio in the granites indicates that 
the granitic melt took place at higher temperature. Q-Ab-Or 
diagram indicates temperature of 850^'-900^C at 2 Kb pressure 
for the formation of granitic melt. 
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REPBBBNCES 
CHAPTER-1 
INTRODUCTION 
1.1. PREAMILE 
Garhwal Himalaya lies between the Himachal Pradesh 
to the west and Rumaun to the east. The Bhllangna river is 
one of the major tributary of river Ganga drainage system. 
The Bhilangna valley - area under present investigation 
covers a part of the Central and Outer Crystallines of the 
Higher Himalaya sone and the Garhwal Group rocks of the 
Lesser Himalaya Zone of the Garhwal Himalaya in the 
district of Tehri~Garhwal of Uttar Pradesh state. Due to the 
difficult mountainous terrain and remoteness, the valley has 
received little attention for geological studies. Lack of 
geological informations of the Bhilangna valley has posed 
problems in correlating stratigraphy, structure and 
metamorphie envents with the other regions of the Himalaya. 
The present investigation aims to study the structures, 
petrology and geochemistry of the rocks of the region 
inorder to understand the gcodynamic evolution of the Higher 
Himalaya Zone and to enable a better understanding of the 
Himalaya. 
The rocks of the Bhilangna valley have been 
elaaificd into three teet»fiie ii«itS( Vis. the G«eh««l Group, 
eh« Owe«r Cry«e«llia«s and the Central CrysCallinas. Tha 
MCT-I (Cball Thrust) divides the Garhwal Group iron the 
ovarlyiiif Oater Crystallines and MCt-II (Jutogh Thrust), 
separates the Outer Crystallines from the Central Crystal-
lines. These rocks have suffered polyphasal deformation 
showing development of different generations of folds> 
foliations and lineations. They have undergone regional 
metamorphism varying from green schist to upper smphibolite 
facies. 
1.2. LOCATION OF THE AREA 
The Bhilangna valley, the area under investigation 
lies in Che Tehri district of Garhual Himalaya in Uttar 
Pradesh state of India. It is located within the latitudes 
solas' to 30*55' and longitudes 78*'35' to 78*55' and is 
covered by the topographic sheets of survey of India No. 
53J/10, 53J/11, 53J/14 and 53J/15 (Fig.1.1). The area under 
investigation extends from Gfaonti through Ghansyali, Ghuttu 
to Kharsoli in Bhilangna valley. The main villagtts of 
Chanayali (30*25': 78%0') , Thayeli (30*27': 78*41') .fihuttu 
(30*31'20" : 78*49*15"),Gangi (30*37 •46":78*52 *05**) .are 
located at distance of 31 ka, 37 km, 67 km, 89 ka froa 
district headquarter town of Tehri respectively. 
LOCATION MAP 
OF 
INVESTIGATED AREA 
k m 80 40 0 
I L—J I L 
80 
. J . 
160km 
W / jr\ T«ET 
^INOIA / 
78* 80" 
30 i-' 
^ ^ V ^ ' ' / Mansarowor 
odrifKith ^ ^ ^ Lake 
DELHI 
Area of Study 
' Boundary Interna-
tionol 
Railway Line 
R ive r 
rift, t.i 
1.3. AGCE8ZBILITY 
Rishikesh, a Hindu pilgrimage town, located at the 
foot hill, is the nearest rail head. It is 240 km from Delhi 
and linked both by rail and road transport. Tehri, district 
headquarter town o£ Tehri district, is 85 km from Rishikesh 
by all weather motorable road. The study area is approchable 
froo Tehri by all weather motorable road upto Ghansyali. 
Further unmetalled road connects Ghuttu village with 
Ghansyali, but this road is motorable during months of 
Setember to April. 
1.4. PHYSIOGRAPHY 
Bhilangna valley has rugged topography with thickly 
forested slopes. The area is Characterized by the NNW-SSE to 
WNW-ESE trending prominent ridges called Dhars in local 
dialect. These Dhars (Ridges) are Kharpari Ki Dhar (3352m), 
Deva Dhar (3000a) and Bhasam (3690m). The elevation of the 
area varies from 900m to 4650m. There are four lakes (Tals) 
located above 3600 m. and are called Shastru Tal, Masuri 
Tal, Masap Tal and Chandi Tal (Fig.1.2). 
The Bhilangna river is the main river of the area 
flowing NtiE-SSW. It is joined to the west by the Balganga 
river. The Bhilangna river originates from the famous 
glacier,Khatling glacier located at an altitude of 4500 m. 
at latitude 30*^46' and longitude 79^01'30" flowing with a 
•ouChwcsterly course through the Bhilang Patti for about 80 
Hwi 
F16.I.2 Physiographic map of Bhilangna v a l l e y , Tehri Garhwal 
km And finally joins th« left bank of Bhagirathi river at 
Tehri. The Balganga river,a tributary of Bbllangna river 
originates from Rhapari ki Dhar and is joined by Dharara 
ganga river at ThatiKathur. It joins with Bhilangna river at 
Ghuaetidhar, 3 km. fron Ghansyali towards Tehri. 
The area is drained by the mighty turbulent and 
perennial Bhilangna, a tributary of the River Bhagirathi. 
The important gads (Gad means streams in local dialect) of 
the Bhilangna drainage system are Nailcharai gad, Gawana gad, 
Changi gad. For gad, Lorn gad, Gattu gad, Kaliani gad, Argad 
gad, Gongad Gad, Sirgad gad and Laster gad. Dendritic, 
Radial, Parallel, Annulate drainage patterns have been 
recognised in the area. The Bhilangna river flows cutting 
across the NW-SB regional strike. 
1.5. CLIMATE 
In the valley, the maximum temperature in the area 
is 35 C during the summer season and minimum temperature i» 
1.8 C in the months of December and January. The total 
average of annual rainfall is 123.6 Cm. Most of the rain 
falls during the monaoon months (July-September) but winter 
months (December-February) also receive rain at valley 
levels and snow at higher ridges. The best seaaons for field 
work are April to June and October and November. 
1.6. FLORA AND FAUNA 
The folras in the valley includes Quercua incana ^  § 
aeaicarpif olia , CJ dilata , Picea morinda . Pinua roxburghii , 
Abies pindrow, Cedrus deodara, Betula *p., Arundinaria gp, 
Desiduous forests are confined to valleys and conifers 
abound at high altitudes region. 
Due to the extensive deforestation and illegal 
hunting of animals by poachers, the wild life population has 
been greatly reduced. The wild life is confined to the areas 
of dense forests,mountain tops and deep inaccessible rav-
ines. The important wild life species include bear, wolve, 
barking deer, ghural, wild bore, Jackel and peacock. 
1.7. PREVIOUS WORK 
The present area, Bhilangna valley has received 
very little attention from the geoscientists . Oldhara (1833) 
surveyed the area from Alaora to Mussoorie, following a 
route from Ranikhet to Owarghat, Lobati, Dewalkhal pass, 
Karanprayag, Charaoli, Joshimath, Badrinath, Mana, Ghastoli 
and Arwa valley to Tehri-Garhwal. Grieshbach (1891) traver-
sed the mountain area of the Garhwal-Tibet frontier and 
Buster area. Auden (1937) dealt the structure of the 
Himalaya in Garhwal between Jamuna and Lansdowne as well as 
prelininary interpretation of a profile across the Himalaya 
tt&m the Gangetic plains to the main Himalayan range. Hein 
m»4 Gcnaaer (1939) described geology and structure of the 
6 
AdjolAing valley of Alknanda, Mandakini and Bhagirathi. 
levari and Setti (1959-60) cook traversas in Mandakini and 
Bhllangna valley and gave a brief account of the geology and 
structural setting of the area. They proposed that the 
Central Crystallines are disposed in the area as a nappe 
with a tectonic window around Ghuttu (30*^31*20" : 
78 49'15"}» in which metasediiaentaries resembling Chandpur 
phyllites and quartzites are exposed. Later in 1972, they 
interpreted the Ghuttu window as a part of the Bhilangna 
nappe. Saklani (1972) has given a detailed account of litho-
stratigraphy and structure of the area between Bnagirathi 
and Bhilangna rivers* According to his interpretation a 
thrust of great magnitude (Hukhem Thrust) which correspond 
to the Main Central Thrust in the area, brings the gneisses 
and low to high grade metamorphic rocks (Mukhea Thrust 
sheet) over the Pratapnagar quartizite. Sinha and Das (1975) 
traced the Main Central Thrust from Thatikathur in Balganga 
valley to Laster gad in Bhilangna valley. They described the 
folded nature of the MCT. Rao and Pati (1980) classified the 
rocks of the Bhilangna valley into three tectonic units. 
They did not agree with the interpretation that the Ghuttu 
member, consisting of a sequence of quartzite,schist,carbo-
naceous phyllitc with subordinate crystalline limestone 
bands form part of the Outer Crystallines. They reported the 
crushed and mylonitised rocks along the vicinity of Main 
Central Thrust. Marayan 0«s ct al. (1981) reported occurren-
cca of priaary uraniua ninaraliaat: ion along Chail Thruat 
(MCT-I). The aincralixation consist of uraninite/pitchblande 
and aaeondary aineral auch aa uranopbana and batauraoophana 
aasociatad with flourite, pyrite and chalcopyrite of epi-
gcnatic and hydrothermal in origin. Saklani and Bahuguna 
(1983) described imbricate structures in the foreland part 
of the Main Central Thrust Zone in Chattera area of Balganga 
valley and formation of cataclasites in the lower level of 
Chattera duplex. The duplex is bound on both sides of folded 
roof and the floor thrusts representing the parts of the 
Main Central Thrust. Pati and Rao (1983) carried out work on 
the nature of Main Central Thrust in U.P. Himalaya and 
concluded that more than two tectonic planes are involved in 
the Main Central Thrust zone, i.e. Chail Thrust and Jutogh 
Thruat of H.P. Himalaya. Rao and Pati (1980) considered the 
Jutogh Thrust to be younger in age than the Chail Thruat aa 
the former overlaps the latter in the Yamuna and Mandakini 
valleys and described that the Main Central Thrust Zona to 
be schuppcn sona. Sharma at al. (1983) studied the Tbayali 
area for uranium mineralization and deacribcd the formation 
of ahaara along the crenulation foliation in granite gneiss 
close to the Main Central Thrust. 
l.t. OBJECTIVE 
The principal objactiva of tba praaant work ia to 
•tHiir thm atrueCura, mafcaaorphiam and patroganaaia of the 
8 
metabasics, granites aad raetaaediiBencaries rocks of the 
Bhilangna valley in the Garhwal Himalaya, An eaiphaais has 
been laid to undertake geochemical studies in understanding 
the crustal evolution of the rocks. 
The details of the objective are outlined below: 
1. To workout lithostratigraphy and to establish the 
structural relation of different lithotectonic 
units . 
2. To analyse the structural features of the area. 
3. To decipher the metamorphic history on the basis of 
metamorphic textures in the rocks. 
4. To interpret time relation between different 
episodes of deformation and metamorphism. 
5. To undertake geochemical studies of the granite of 
the Outer Crystallines in understanding the crustal 
evolution of the crystallines belt. 
6. An attempt has been made to investigate the geo-
chemical nature of the basic rdcks of the Garhwal 
Group in understanding its tectonic environment. 
1.9 METHODOLOGY 
The methodology adopted for the present 
investigation includes the field and laboratory studies. 
9 
The author has undartaken a total of 8 aonths field 
worlr . Th« gaolotlcal aap^ing include* litiM^stratigraphic 
and structural sapping on 1:50,000 scale. The total area 
covered for napping is 700 sq. km. that lies in the topo-
sheet NO.53J/10, 53J/11, 53J/14,and 53J/15. On account of 
high altitude and rugged terrain of vertical cliff,traverse 
mapping was conducted across the strike in the valleys. 
Samples were collected for petrography and geochenical 
studies across the strike. Data on planar and linear struc-
tures and fold elements were collected at regular intervals. 
1.9.2.Laboratory Studies 
Geological map of the area was prepared on the 
basis of geological mapping undertaken by the author. 
Structural data on planner,linear and fold structures were 
plotted on the map. 
Petrography of the main rock types from the area 
has been studied and modal analysis of representative rocks 
have been made. Metamorphic textures were investigated to 
study the metamorphic events and their relationship with 
deformation episodes. 
Chemical analysis of the systematically collected 
rock apecimens of the granite and metabaaics was dona using 
rapid analysis technique. The Silicon, Aluminium and total 
Iron vara determined using spectrophotometer» and Calcium 
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«nd McgnesiuB w«re estiaated by EDTA titration aethod, Flaae 
photOBtter model No. 121 of Systronic* was used for dctcr-
•ining Sodiua and Potaaiua and titration of K.Cr.O^ aethod 
waa used for Iron (Ferous). The trace elements were eati-
mated using Atomic Absorption Spectrophotometer Sp-2900 
Pye-unicam, Phillips. 
The samples analysed for major and trace elements 
geochemistry by wet chemical methods were again run in the 
Energy Dispersive System (XRF, Exam. 6, EDAX, Phillips) for 
cross-checking the analytical results. 
The geochemical data of the granites and metabasics 
were plotted in the triangular and binary variation diagrams 
to understand their origin and P-T condition. Normative com-
position of the rocks were also determined using computer 
(IBM-370). 
CHAPTBR-2 
REGIONAL GEOLOGICAL SETTING 
The earliest knowledge about the geology o£ 
Himalaya carae from the pioneer workers like Oldham 
(1833a,b): Medlicott (1864, 1876); Stoliczka (1866); 
Griesbach (1893); Hayden (1904) and others. Among the next 
generation of workers Pilgrim and West (1928), Auden (1934, 
1937); Wadia (1925) and Heim and Gansser (1939) made some of 
the classical contributions on the geology of Himalaya. In 
the last two decades several workers from Geological Survey 
of India, Madia Institute of Himalayan Geology, Oil and 
Natural Gas Commission, Universities and foreign geologists 
from several countries have contributed on the geology of 
Himalaya. (Gupta,1972; Srikantia and Bhargava, 1974; 
Valdiya, 1980; Thakur,1980, 1981 and others). 
2.1. TIGTONIC ZOmS 
The Himalayan organic belt runs for a strike length 
of 2400 km. and th« width of tha bait varies from 230 to 320 
km. with an avaraga of 270 km, (Fig. 2.1). It has been divi-
ded longitudinally into five taetonic xonas (Gansser, 1964, 
1976; Jhingran et al.,1976). 
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Froa south to north these sones are as follows: 
The Sub Hinalaya son*. 
The Lesser Hlsialaya zone. 
The Higher Hinalaya zone. 
The Tethys Himalaya zone* 
The Indus Suture and the Karakoram zone. 
The principal geological features of each tectonic 
zone has been described separately, and an attempt have been 
made here to explain the regional geological setting and 
structural framework of the area under investigation. 
2.1.1. The Sub Himalaya Zone 
The Sub Himalaya constitutes the outer most foot 
hills of low elevation. It consists of Tertiary formations 
which are separated to the north from the Lesser Himalaya 
zone along the Main Boundary Thrust (MBT). The Himalayan 
Frontal Thrust (Nakata, 1972 and Gansser, 1980) separates 
the Siwalik belt from the alluvium of Indogangetic plains. 
The Outer Himalaya consists of Subathu group (Palaeoeene to 
Lower Eocene), Dharmsala or Nurree group Lower Hioeene to 
Oligocene) and Siwalik group (Middle Miocene to Lower 
Pleistocene). 
The Subathu group is marine, the Dharamsala group 
represent lacustrine to fluviatile and the Siwalik group is 
a continental molasse deposit. Early Pleistocene folding has 
affeeted strata as young as the Upper Siwalik, indicating 
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post-Pliocene folding phase. The eroded Siwsliks have been 
effected by over thrusting and steep reverse faulting in the 
Late Pleistocene tines. In Nepal the Siwalik starta are 
thrust over Quaternary conglonerates and in the Sikkim and 
Bhutan foot-hills the alluvial fans have been folded,indi-
cating neotectonic activity along Himalayan Frontal Thrust 
(Gansser, 1974). 
2.1.2 The Lesser Himalaya Zone 
The Lesser Himalaya cone consists of predominantly 
sedimentaries together with volcanics and low grade meta-
morphites . The rock sequence of this zone lies between HBT 
to the south and HCT to the north. The Lesser Himalayan 
sequence is largely unfossiliferous except a very few fossi-
liferous horizons. Lack of organic remains and complex 
thrust tectonics have given rise to a very controversial 
stratigraphy of the Lesser Himalaya. 
It is not feasible to go into the age controversy 
and different interpretations of the order of superposition 
of different tectonic units of the Lesser Himalaya in the 
chapter. Stratigrphy of the Lesser Himalaya as worked out by 
Valdiya (1980) is sumaerised here. 
The lithostratigraphie groups of the Kuaaun region 
are divided into five divisions, which arc extending from 
the frontier of Nepal in the west to the border of Hiaachal 
in the east. Out of these groups, the Daatha and Tejan 
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groups consticut* eh« autochthon and also occur in the 
tectonic window* of the Lesser Hiaalaya. The renaining three 
groups* naaely the Jaunsar,thc Nussoorie and the Siraur are 
involved in the thrusting of the Krol nappes. Within the 
Daatha group the turbidites of the Chakrata Formation grade 
upward and laterally into the flyschoid assemblage of the 
Rautgara Formation. Age of the basic intrusives of Rautgara 
indicates that the Damtha rocks are older than about 1200 
my. and may belong to the Lower Riphean in age. The Chakrata 
Formation is southeasterly extension of the Simla slates of 
Himachal Pradesh; and the Rautgara Formation is correletsble 
with Sundernagar Formation of Himachal Pradesh,Runcha of 
west and central Nepal, the Sinchula-Jaintia of Sikkim, 
Phuntshobing of Bhutan and Bichom of western Arunchal. The 
carbonates shale succession of the Tejara group constitutes 
an unbroken succession of Deoban (Gangolihat) and Mandhali 
(Sor) Formations. 
In the outer Lesser Himalaya, the Jaunsar and the 
Mussoorie groups, with restricted capping of the Sirmur 
group make up the Krol nappe which is thrust over the 
Siwaliks. The Jaunsar group comprises of two formations, 
flyschoid assemblage of the Chandpur Formation and ortho-
quartsite and basic volcanics of the Nagthat Formation. The 
Nagthat Formation stretches to the north as a vast and thick 
sheet of the Berinag Formation to COTCT the Dcmtha-Tejam 
•ueochthon. The coitforaably sueecdiag Musaoorie group. 
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developed in en elongated basin and restricted to the 
outeraost outer Lesser Himalaya, consists of the Blaini, the 
Krol and the Tal Formations» Since no brake has been noticed 
between the truncated base cut Mandhali and overlying 
Chandpur Foraation, it is inferred that the latter is 
younger than the Vendian and may belong to the Cambro-
Ordovician sequence. The Jaunsar group is thus of Lower 
Palaeozoic in age. Probably the Mussoorie group covers the 
Upper Palaeozoic time span. 
2.1.3. The Higher Himalaya Zone 
The crystalline rocks of the Higher Himalaya have 
been named variously in different areas such as Vaikrita 
Group in Himachal Pradesh (Hayden, 1904}.Central Crystalli-
nes in the Rumaun (Heim and Gansser, 1939), Tibetan Slab 
(Bordet et al.,1972} and Himalayan Gneiss zone in Nepal 
(Ohta and Akiba,1973}, Darjeeling Gneisses in Darjeeling and 
Sikkia (Ray, 1976), Takhtsang Group in Bhutan (Gansser, 
1964} and Siang Group in Arunachal Pradesh (Jain et al., 
1974). The Higher Himalayan zone is made up of aesozonal and 
katazonal crystallines rocks consitituting as what is known 
as the Central Crystallines zone (Heia and Gansser, 1939). 
This zone is the backbone of the Great Hiaalayan range and 
the base of the Tethys Hiaalaya sequence. The Central Crys-
tallines csaestially consists of para and ortho aetaaor-
ll^ hites togatker with acidic and basic igneous intrusions. 
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The gnci««ea of the Ccatral Crystalline* have been dated as 
1800-2000 ay., the biotlte granites have yielded ages 
r«agiag^ £er S06^-6^6 ay, «ad the l^««og^a«itHe» have g4ve« 
15-20 my. ages. These radiometric ages indicate that the 
Central Crystallines are originally of Precambrain age. The 
Tetiary ages of micas and leucogranites and raetamorphism 
effecting Meeozoic rocks indicate that the Central Crystal-
lines have been remobilized by Himalayan orogeny during 
Tertiary time. 
The southern or lower margin of the Central 
Crystallines is defined by Main Central Thrust and the 
northern or the Upper margin is broadly gradational to the 
overlying Tethys Himalaya sequence (Gansser, 1974). However 
in Kumaun Himalaya Thakur (1976)ob8erved a sudden break in 
metamorphic grade and an abrupt change in lithology between 
the gneisses of the Central Crystallines and the overlying 
Martoli Formation of the Tethys Himalaya sequence, thus 
inferring a tectonic contact between the Central Crystalli-
nes and the Tethys H^imalaya sequence. 
2.1.4. The Tethys Himalaya Zone 
The Tethys Himalayan zone overlying the Higher 
Himalaya cone consists of fossiliferous sediments of Late 
Precalnbrian to Upper Cretaceous age. The northern margin of 
the Tethys Himalaya is sharply defined by a thrust against 
the rock* of the Indus suture zone and the aouthern margin 
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is broadly gr«dational where Palaeozoic starta with indepen-
dent tectonics pass southwards into competent Precaabrian 
starta with tectonics of the Higher Himalaya zone (Gansser, 
1974). 
The Tethys Himalaya rocks are occuring in the four 
separate areas, namely Kashmir-Chamba, Lahaul-Spiti, Kumaun 
and Nepal. These areas were originally joined into a single 
major basin as indicated by litho and biostratigraphic affi-
nities. Though complete record of succession from Late Pre-
cambrian to Jurassic or Cretaceous is preserved in these 
areas, several stratigraphic gaps indicating epierogenic 
episodes have been reported* Tethys Himalayan starta of 
Kashmir-Chamba, Lahaul-Spiti, Rumaun and Nepal form broad 
open synclinoria of gigantic dimensions. Their axial traces 
run in NW-SE direction. 
Investigations by Shah and Sinha (1974) in Kumaun 
and Colchen (1975) in Nepal have thrown some new light on 
the sedimentation history of the Tethys Himalaya. Their 
studies of sedimentary structures and trace fossils in 
Garbyang Formation, referable to the Cambrian, indicate it 
to be a tidal flat deposit formed under very shallow water 
conditions. The shallow shelf condition continued from 
Ordovician upto Lower Cretaceous with some pauses in sedi-
mentation and emergence of land in Hercynian time. A pro-
gressive faeies change from a typical platform condition to 
geosynelinal condition commenced from Giumal sandstone 
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(Upper Cretaceous) which represents nonotonous thick £lysch 
deposits in deep water conditions. 
2.1.5. The Indus Suture end the Kerekoraa Zone 
The rocks of the Indus Suture Zone is seperted from 
the Tethys Himalaya Zone by a south dipping counter thrust. 
It consists of three major tectonics units, namely the Indus 
suture belt, the Ladakh plutonic complex (batholith) with 
volcanics and the Shyok suture. The Indus Suture zone 
consists of a remanent of tectonised oceanic lithosphere 
represented by the Shergol melange and the Nidar ophiolite 
complex. The Indus Formation consists of sedimentaries of 
Cretaceous to Eocene age and the Kargil Molasse deposit of 
Mio-Pliocene age also belong to the Indus Suture. The 
plutonics of Ladakh batholith and Calc-alkaline volcanics of 
the Dras and Shyok Formations and the acid volcanics of the 
Khardung Formation represent a plutonic-volcanic arc which 
range in age from Ealry Cretaceous to Oligocene. The Shyok 
suture sone consist of petrotectonic assemblage of volca-
nics, flysch and molassic sediaentaries and ultrabasic 
lenses which are interpreted to represent a relic of a 
back-arc basin. 
The Shyok suture is separated to the north along 
north dipping Shyok Thrust from the Karakoram cone. The 
Karakoram cone is made up of three tectonic units, namely 
the Pangong Tso group aetamorphics, the Karakoraa super 
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group and the Karakoram plutonic complex. The Pangong Tso 
group is overlain by Carboniferous to Cretaceous sequence of 
Karakoraa supergroup. They are intruded by granite plutons 
of Karakoram plutonic complex. 
2.2. LOCATION OF THE AREA IN REGIONAL FRAMEWORK 
The Bhilangna Valley falls in the Garhwal sector of 
Kumaun Himalaya and includes the Central Crystallines, the 
Outer Crystallines and the Garhwal Group. The Central and 
Outer Crystallines can be grouped under the Higher Himalaya 
zone and the Garhwal Group forms a part of the Lesser 
Himalaya zone. The regional geological framework of the 
Garhwal Himalaya is similiar to that of Kumaun in the east 
and Himachal in the west. The lithotectonic zones of the Sub 
Himalaya , the Lesser Himalaya, the Higher Himalaya and the 
Tethys Himalaya are exposed in the Garhwal Himalaya, but the 
Trans-Himalaya zone passes through the southern Tibet. A 
brief stratigraphic correlation and structural framework of 
the Garhwal Himalaya is described here to elucidate the 
regional framework of the investigated areas vis-a-vis the 
regional geology of the Garhwal Himalaya (Table 2.1) 
(Fig.2.2). In the following description author follows the 
classification of different tectonic units modified after 
Valdiya (1980). 
In the Bhilangna Valley,the area under investi-
g«£ioa,eh« rocks have been classified into three principal 
TABLE 2.1 
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HIGHER HIMALAYA 
LESSER HIMALAYA 
Central (Inner) 
crystallines 
Outer Crystallines 
Garhwal Group 
Vaikrita Group 
^Vaikrita Thrust(MCT-III) 
Almora = Jutogh Group 
Jutogh Thrust (MCT-II)_ 
Ramgarh = Chail Group 
Chail Thrust (MCT-I) 
Berinag Formation 
Berinag Thrust 
Tejam Group 
Damtha Group 
Thrust 
OUTER HIMALAYA 
Krol Super Group 
Main Boundary Thrust (MBT)_ 
Tertiaries 
III 
'— i 
CM 
c\i 
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tectonic units, viz. the Garhwal Group, the Outer Crystalli-
nc« ttn4 the e«ntral Cry«t«lliBe8» Referring to the TAbIe-2.1 
described here, the Garhwal Group consists o£ mainly Berinag 
Quartzite; the Outer Crystallines are correlatable with the 
Chail-Raogarh Group and the Central Crystallines includes 
the Almora, Jutogh and the Vaikrita groups. The Chail 
Thrust, separating the Garhwal Group from the Outer Crystal-
lines is referred to as MCT-I. The Jutogh Thrust lying 
between the Outer Crystallines and the lower part of the 
Central Crystallines is called as the MCT-II, and Valdiya's 
Vaikrita Thrust is designated as the MCT-III. 
CHAPTER-3 
LITHOSTRATIGRAPHY OF THE AREA 
In the area under investigation (Bhilangna Valley) 
three major tectonic zones are exposed, viz. the Garhwal 
Group, the Outer Crystallines and the Central (Inner) 
Crystallines. The southernmost and the lowermost tectonic 
zone, Garhwal Group is separated from the overlying Outer 
Crystallines by the Chail Thrust which is referred to as 
MCT-I; and the Outer Crystallines inturn is separated from 
the overlying Central Crystallines by the Jutogh Thrust 
which is referred to as MCT-II. 
All the three tectonic zones have been further 
classified into different rock units on the basis of litho-
logical characteristics and metamorphic grade. A tectono-
stratigraphic scheme of the area is summerized in the 
Table-3.1 
The Central Crystallines zone is classified into 
the lower,the middle and the upper units on the basis of 
metamorphic grade. The Outer Crystallines is divided into 
two units viz. the Pokhar unit and the Ghuttu unit. The 
Garhwal Group is a very thick zone in the Garhwal Himalaya 
and all its litho-units are not exposed in the area. There-
in 
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fore the rocks of the Garhwal Group outcroped in the area is 
deaignated as the Ghansyali formation (Fig. 3.1,Fig. 3.1aMf'°<^^0 
3.1. CENTRAL (INNER) CRYSTALLINES 
The Central Crystallines rocks are thrust over the 
rocks of the Outer Crystallines along the Jutogh Thrust 
( M C T - I I ) and are well exposed at Rih and Jhala in the 
Bbilangna and Balganga valleys. They have been clasified 
into the lower, the middle and the upper units on the basis 
of lithostratigraphy and grade of metamorphism. The lower 
unit consists of biotite gneiss and amphibolite, the middle 
unit is made up of augen gneiss and staurolite-garnet schist 
and the upper unit is of sillimanite gneiss. 
3.1.1.Upper Unit 
The uppermost unit of the Central Crystallines 
comprises of sillimanite gneiss which is best exposed at 
Kharsoli Village and Khatling glacier area in the Bhilangna 
valley. Occasaionally in this unit some thin bands of 
psammitic gneisa and retrograded chlorite schist are also 
seen. 
The cilliaanifcc gncias is medium to fine grained 
and greyish in colour. The foliation is very well developed. 
The sillimanite is developed along the foliation plane and 
it is mainly of iibt^litm variety. Mostly sillimanite 
defines the foliatidn flene in association with the biotite 
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and rauscovite. The porphyroblasts of quartz and feldspar are 
quite common, and these porphyroblasts are placed along the 
foliation plane and are wrapped by the micaceous minerals. 
The porphyroblasts range in size from a few milimeter to a 
centimeter in diameter. Numerous quartz veins traverse the 
sillimanite gneiss either parallel or cutting across the 
primary foliation. The thickness of quartz veins range from 
2 mm.to 3 cm. At some places biotite is seen to be altered 
into the felted mass of fibrolite. 
3.1.2.Middle unit 
The middle unit of the Central Crystallines zone of 
Bhilangna valley is overlain by the sillimanite gneiss of 
the upper unit and is underlain by the lower unit of biotite 
gneiss and amphibolite. It is well exposed around the 
Baroda, Saunari, Kaliani, Deokhiri . Villages in the 
Bhilangna valley. The main rock types are augen gneiss and 
staurolite-garnet schist. 
3.1.2.1.Augen Gneiss 
The gneiss is very coarse grained with well deve-
loped augen shaped porphyroblasts of quartz and feldspar 
which range in size from 1 mm.to 1 en.in length (Fig.3.2). 
The porphyroblasts are mainly placed along with foliation 
plane and wrapped by the biotite and auscovite. The HW-SE 
trending bands of augen gneiss is well exposed near Baroda 
m 
. village. The gneissosity is trending N30 W - S30°E, 
with due N dips varying form 20-30 . The gneissic foliation 
is defined by alternating bands o£ micaceous and quaTtEO-* 
feldspathic minerals. Porphyroblasts of quartz and feldspar 
show development of streaks (approximately 3 cm. in thick-
ness). Locally these gneisses are also associated with 
porphyroids (upto 3 cm. thick) containing quartz and 
feldspar. The degree of flattening in the augen gneiss is 
less as compared to the streaky variety. 
3.1.2.2.Staurolite-garnet schist 
This rock is well exposed near the Sciunur/' and Deo-
khiri village. It underlies the augen gneiss and overlies 
the biotite gneiss. The rock type shows conspicuous banding 
consisting of coarse micaceous layers and psammitic layers. 
Two sets of foliation planes are observed. The garnet and 
staurolite are placed along the foliation planes in the form 
of porphyroblasts. Garnet porphyroblasts are also seen to 
grow across the foliation, indicating post-schistosity 
growth. The staurolite appears in the form of laths and 
placed along the foliation plane. Chlorite is also observed 
in staurolite-garnet schist suggesting retrograde phase of 
metamorphisa. 
Fig. 3.2 Well foliated augen gneiss with augens of quartz and feldspar 
in Central Crystallines. Loc. Kaliani village. 
Fig. 3.3 Coarse grained biotite gneiss intruded by aplite band and 
quartz vein is defined by biotite and muscovite flakes in 
Central Crystallines. Loc. Lala village. 
Fig. 3.'i Schistose amphibolite (dark colour, bottom) in contact with 
biotite gneiss (light colour) in Lower unit of Central Crystallines. 
Loc. 1/2 km. ahead of Luni village. 
FIG. 3.'<i 
F IG.3 .3 
FIG. 3.4 
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3.1.3.Lower unit 
The lower most unit of the Central Crystallines 
zone is characterized by biotite gneiss and amphibolite 
bands. Its lower contact is delineated by the Jutogh Thrust, 
also referred to as MCT-II and the upper contact brings 
augen gneiss to overlies it. 
3.1.3.1.Biotite gneiss 
Biotite gneiss is medium to coarse grained and 
varies from dark green to grey in colour. The gneissosity is 
quite prominent and mainly defined by the biotite and musco-
vite (Fig.3.3). The porphyroblasts of quartz and feldspar 
are placed along the foliation plane. Most of the quartz and 
feldspar porphyroblasts are highly recrystallized and 
wrapped by the micaceous minerals. Appearences of sericite 
is also noted along the foliation plane. Lepidoblastic 
texture with preferred orientation of flaky and tabular 
mineral is quite prominent. Leucocratic and raelanocratic 
bands in the gneiss are notable. Quartz lenticles (about 5 
cm. in diameter) surround thin flakes of rauscovite and 
biotite. Biotite at places defines mineral lineation. 
3.1.3.2 Amphibolite 
The amphibolite band is the lower most lithological 
member of the Central Crystallines zone. Its thickness is 
about 150 m. and it lies concordantly with the regional 
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trend of the adjoining rocks. The base of the amphibolite 
band defines the Jutogh Thrust (HCT-II). 
The amphibolite band is medium to fine grained, 
greenish black to greyish black in colour ( Fig.3.4). 
Foliaiton plane is well defined by mainly chlorite and 
hornblende. Near the thrust contact, amphibolite shows more 
stronger schistosity than away from the thrust. From 
central to upper part in the amphibolite bands the rock 
becomes fine grained and subschistose. The amphibolite is 
made up of epidote ,hornblende , chlorite ,act i<720 lite and 
tremolite• 
3.2. OUTER CRYSTALLINES 
The Outer Crystallines of the Bhilangna valley is 
bounded by the two major thrusts, called the Chail Thrust 
(MCT-I) and Jutogh Thrust (MCT-ll).The Chail Thrust sepa-
rates the Outer Crystallines from the Garhwal Group rocks. 
The Jutogh Thrust separates the Outer Crysallines from the 
overlying Central Crystallines. The Outer Crystallines 
extend from Thayeli to Rih,and it is correlated with Mulia-
gaon and Ramoli group of Saklani in Pratapnagar area (1972). 
Two units are recognised in the Outer Crystallines, vis. the 
Pokhar unit and the Ghuttu unit. The Pokhar unit consists of 
the rocks of green-schsit to lower amphibolite facies and 
29 
thrust over the Ghuttu unit. The rocks of Gbuttu unit ere of 
low grade and they occur in a for« of a window. 
3.2.1. Pokhar, unit 
The Pokhar unit overlies Ghuttu unit along a 
thrust contact and is exposed at Rih to Thayeli in Bhilangna 
valley and at Chattera to Jhala in Balganga valley. To the 
south the Pokhar unit overlies the Ghansyali formation of 
Garhwal Group along steeply dipping thrust. This thrust 
contact is well exposed at Chattera, 6 km from Chaniyal a on 
Budha-Kedar road. At the thrust contact blastomylonite is 
well developed in the granite gneiss of the Pokhar unit. 
The biastomylonite shows highly recrystallized porphyro-
blasts and matrix. The northern boundary is delineated by a 
thrust along which the Central Crystallines is brought to 
over- thrust the Outer Crystallines. The Pokhar unit is made 
up of sheared granite gneiss, talc schist and mica schist 
together with sheeny phyllite and phyllonite. Occurrences of 
quartco- feldspathic schist, chlorite schist and biotite 
schist are also not uncommon. The porphyritic gneiss shows 
considerable grain sice variation and contain schist and 
quartcite intercalations (Fig.3.5). 
The tourmaline granite gneiss is medium to coarse 
grained and greyish to greyish black in colour (Fig.3.6). It 
shows well marked parallelism of biotite and muscovite 
flakes and irregular seggregational banding. The primary 
Fig. 3.5 Coarse grained porphyritic gneiss of the Outer Crystallines 
zone. Loc. Chaili. 
Fig. 3.6 Fine grained tourmaline granite gneiss with needles of tourmaline 
(black veins). Loc. 200 mts. above Dhopardhar. 
Fig. 3.7 Mica schist showing microfolding (crenulation) of the earlier 
(S|) schistosity. Loc. 1 km. north of Mendu village. 
FIG. 3.5 
FIG. 3.7 
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constituent Blnerals are quart z , feldspar ,blot ite , ntuise^vite , 
chlorite and tournaline; and epidote, clinozoisite and iron 
oxide occur as accessory minerals. Some of the feldspar 
grains are highly kaolinized and sericitized. 
In mica schist, development of mica aggregates in 
layers and microfolding of earlier schistosity are noticed 
(Fig.3.7). At places the rock shows effect of cataclasis. In 
phyllonite the quartz seggregated layers are parallel to the 
dominent foliation defined by micas. Curved trends of bent 
micas occur around- the flat lenses of recrystal li zed grano-
blastic quartz. 
3.2.2 Ghuttu unit 
The name Ghuttu window was proposed by Tewari and 
Setti (1960). Ghuttu unit comprises of a sequence of slate, 
quartzite and phyllite. It is surrounded by the gneisses of 
Outer Crystallines zone along a thrust contact. In Ghuttu 
window the lowermost rock is phyllite followed upward by 
quartzite and slate. The slate is exposed immediately below 
the gneiss. Quartzite is white to dark grey in colour, 
massive in nature, medium to coarse grained, well bedded and 
shows schistose character. It is highly jointed rock with 
two sets of joints. Thin layers of phyllite, limestone, 
carbonaceous phylite occur also as intercalations with 
quartzite. Sheared quartxices are exposed at the south of 
Ghuttu village. Phyllite, cxpoacd near Chuttu villages, is 
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greyish in colour and fine grained. Granulated quartz and 
feldspar are placed along the schistosity plane (Fig.3.8). 
Slates are greyish green in colour and occur as a band near 
Bhatgaon village. Numerous quartz veins generally 1-3 cm.in 
width traverse these rocks . 
3.3 GARHHAL GROUP 
The Garhwal Group comprises of predominantly 
quartzite and metabasic together with the intercalations of 
phyllite and chlorite schist. The rocks have suffered low 
grade metamorphism upto chlorite-biolite grade. The present 
investigation deals with the upper part of the Garhwal 
Group, designated as the Ghansyali formation. Low to medium 
grade metamorphites of the Outer Crystallines rest over this 
group in Bhilangna valley. The northern boundary at the 
Garhwal Group is defined by the Chail Thrust (MCT~I) and the 
southern boundary is delimited by the North Almora Thrust. 
3.3.1 Ghansyali formation 
The Ghansyali formation in northern part is bounded 
by the Chail Thrust (HCT-I) and is well exposed at Raunsal 
and Thayeli in Bhilangna valley and at Chattera village in 
Balganga valley and Holta and Chintarbagi in Nailchami gad 
section. The Ghansyali formation mainly comprises of 
quartzite, metabasic,slate, phyllite and chlorite schist. 
32 
3.3.1.1 Quartzites 
The quartzites in Ghansyali formation are of varied 
in nature. All along the Chail Thrust (HCT-I) contact the 
quartzites are gritty and show poor development of 
schistosity (Fig.3.9). Quartzite often shows alternate 
greenish and white coloured bands. At places quartzo-
feldspathic layers are also seen. lenticular limestone and 
slate occur interbedded with quartzite. Sedimentary 
structures,like assymetrical ripple marks and cross beddings 
are observed in quartzites. At places quartzite also becomes 
arkosic in chactcter. Rounded to sub-rounded quartz grains 
exhibit fused boundary. Interspaces between the quartz 
grains are occupied by fine grained quartz and sericite 
masses. Often the quartz vein passing through the quartzite 
is folded in nature (Fig.3.10). 
In Balganga valley, quartzite shows variation in 
colour and sheared nature. Needles upto 0.5 cm.of tourmaline 
are also observed in quartzite. The quartzite also show 
sulphide mineralization (Chalcopyrite, pyrite, bornite etc.) 
at locality Lata. 
3.3.1.2 Metabasics 
The mctabasics rocks are associated with quartzites 
Of Ghansyali formation. Three bodies of aetabasics are 
recognised in the area, and they appear to be peneconten-
poraneous with the deposition of quartzite. The metabasics 
Fig. 3.8 Phyllite showing stretched and granulated quartz and feldspar 
(white spot in the left side of the photograph) aligned along 
the schistosity in Ghuttu unit. Loc. Ghuttu. 
Fig. 3.9 Contact between the quartzite of Garhwal Group (to the 
left) and granite gneiss of Outer Crystallines zone (to the 
right). Loc. 1/2 km. north of Raunsal village towards Ghuttu. 
Fig. 3.10 Quartzite of Garhwal Group with folded quartz vein. Loc. 
Maykot, left bank of Balganga river. 
FI6 .3 .8 
FIG. 3.9 
FIG. 3.ro 
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are made up of predominantly chlorite and hornblende. Thin 
layers of white massive quartzite and grey phyllite occur 
with aetabasics. At places the metabasics exhibit amygdo-
loidal texture filled by the secondary quartz. The meta-
basics show more stronger development of schistosity on the 
margins than in the central part of the bands. 
CHAPTBR-4 
STRUCTURES OF THE AREA 
Study of regional pattern o£ small scale structures 
gives better understanding of polyphase deformation and tec-
tonic history of the folded belts (Ramsay, 1963; Whittan, 
1966). Such studies indicate that superimposed deformation 
may belong to single orogeny or different orogenic episodes 
(Ramsay, 1967). It is now established that an orogeny gene-
rates pulses, and these pulses produce compression and 
uplift giving rise to structures with diferent styles and 
geometries. 
Geological investigations in Bhilangna valley 
reveal that all the three tectonic units, viz. the Central 
(Inner) Crystallines, the Outer Crystallines and the Garhwal 
Group rocks have suffered common deformation showing struc-
tural features related to the three phases of deformations 
(Fig. 4.1). The lowermost tectonic unit,the Garhwal Group is 
separated from the overlying Outer Crystallines along the 
Main Central Thrust-I (Chail Thrust) which in turn is over-
lain along the Main Central Thrust-II (Jutogh Thrust) by the 
Central (Inner) Crystallines. 
" P I Metabasic 
I 2 1 Metastdiments 
\ 3 \ Gneissose Granite 
Thrust 
F| Fold Axis 
Fg Fold Axis 
Foliation 
Bedding 
Synctine 
Anticline 
F i g . 4 . 1 s t r u c t u r a l map of Bh i l angna va l l ey ,Garhwa l Himalaya 
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The present chapter deals with the aajor and ainor 
structures occurring in the area and their formation under 
different deformation phases. 
4.1. MAJOR STRUCTURES 
4.1.1. Thrusts 
In the Bhilangna Valley, two major thrusts have 
been recognised namely the Chail Thrust and the Jutogh 
Thrust; and these thrusts, correlatable with the Main 
Central Thrust, are referred to as the MCT-I and MCT-II. 
The term Main Central Thrust was coined by Heim and 
Gansser (1939) to designate the surface along which the 
'Central Crystallines' are thrust southward over the Lesser 
Himalayan metasdiments in parts of Kumaun Himalaya. This 
nomenclature has been followed by a number of subsequent 
workers(Gansser, 1964; Jain, 1971; Pachauri, 1972; Ranga 
Rao, 1972; Mehdi et al, 1972; Misra and Bhattacharya, 1972, 
1973; Agarwal and Kumar, 1973; Bordet, 1973; Crawford, 1974; 
Ahmed, 1975; Merh,1977; Thakur, 1981; Pati and Rao, 1983 and 
others). All these author identify the MCT between the meta-
morphites belonging to the Central Himalaya and the Lesser 
Himalayan mctasediments. Fuchs and Sinha (1978), while ela-
borating the nappe concept in the Kuoaun Himalaya have 
placed MCT at the base of a crystalline nappe succeding the 
system of Chail nappes. Valdiya (1978), however, proposed 
that the MCT (Vaikrita Thrust) is located further north 
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upward in the sequence demarcating a metanorphic break, and 
he gave the nane Hunsisri Thrtist to the M6T of Heim and 
Gansser. 
The MCI is considered as a gently dipping thick 
shear zone resulting from the southward emplacement of a 
deep rooted Central Crystallines rocks of the basement 
(Bouchez and Pecher, 1981). 
In the present study the original status and 
position of the MCT has been retained and it is observed 
that the MCT is not a simple tectonic boundary between the 
Central Himalaya Crystallines and the Lesser Himalaya meta-
sediments as has been worked out and shown in different maps 
and sections of this area (Valdiya, 1976, 1980; Pati and 
Rao, 1981, 1983). In Bhilangna valley it has been observed 
by the author that the MCT of Heim and Gansser and his 
followers is actually the Chail Thrust. There is another 
thrust (equivalent to Jutogh Thrust of Simla Hills)8eparates 
the low grade Chails from the medium to high grade Jutoghs. 
Valdiya's MCT (Vaikrita Thrust) is located still further 
north of Jutoghs which and is not exposed in the present 
area. In view of confusion in correlation and nomenclatures 
of the MCT, the author has designated the Chail Thrust as 
the MCT-I and the Jutogh Thrust as the MCT-II. 
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4.1.1.1 Ch«il Thurst (MCT-l) 
the Chail Thurst, referred to here c« HCT~I 
separate* the Outer Crystallines from the Garhwal Group. It 
is best exposed at Xhayeli on the left bank and above the 
Raunsal village on the right bank of the Bhilangna river. 
The Main Central Thrust-I trends in NW-SE direction between 
Thayeli and Chirbatia Khal in Nailchami section extending 
upto Kund Chatti in Mandakini Valley. In Balganga valley the 
Main Central Thrust-I encountered at Chattera village, 
trends NW-SE, but it become almost N-S at Budha-Kedar and 
ThatiKathur villages. The mylonites are exposed along the 
Main Central thrust-I zone. The thrusted rocks are charac-
terised by numerous quartz veins and feldspars of anasto-
mosing type. Quartz and feldspar grains are stretched, 
elongated and highly recrystallized. 
In Ghuttu window the Main Central Thrust-I (Chail 
Thrust) separates the Outer Crystallines from the Garhwal 
Group in a tectonic window. The rock units in the window 
zone is folded into doubly plunging antiform. This antiform 
has folded the Main Central Thrust-I. The MCT-I (Chail 
Thrust) at Chattera village in Balganga valley shows 
development of biastomylonites near the thrust contact 
(Fig.4.2). 
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The following features are nociced along the Chail 
Thrust. 
i) Abrupt change in lithology: The rocks of the 
Garhwal Group are quartzite, oetabasic and chlorite 
schist, whereas the Outer Crystallines is made up 
of schist, gneiss and amphibolite. 
ii) The Cataclasis effects are quite prominent along 
the thrust plane showing varied degree of myloni-
tization (Fig.4.3). The rocks on both the sides of 
the thrust contact are sheared and crushed in 
nature. The gneisses show elongated quartz and 
feldspar grains and at places they are pulverised 
and traversed by closely spaced fractures. Develop-
ment of raylonites are best observed at Thayeli and 
Raunsal localities. Biastomylonites occur at 
Chattera in Balganga valley and Chintarbagi in 
Nail Chami section. 
iii) Basic volcanics sills occur along the thrust plane. 
It apears that the basic rocks have facilitated the 
•ovenent along the thrust probably acting as 
dceolleaent plane. 
iv) Convergence of aetamorphic grades: The grade of 
raetaaorphism in the Outer Crystallines zone 
decreases towards the thrust contact (north to 
south) and that of the Garhwal Group increases 
towards the thrust (south to north). 
g« '^ .2 Photomicrograph of blastomylonite, showing recrystallization 
of porphyroclasts of quartz and feldspar as well as matrix. 
The sample is from the thrust zone of MCT-I (Chail Thrust) 
at Chattera village. Crossed polars x 63. 
Fig. k.3 
Photomicrograph of pnylonitized granite gneiss showing mylonitic 
characters. The black minerals are K-feldspars, which are 
highly deformed with undulose extinction and with fractures 
filled by newly formed quartz. The sample from MCT-I 
at Thayeli village. Crossed polars x 63. 
ig. ti-.k Photomicrograph showing chloritlzation, garnets are altered 
to chlorite (black portion). Crossed polars x 63. 
ig* ^.5 Photomicrograph showing rotated garnet crossed polars x 
63. 
FIG. 4.4 
FIG. 4.3 FIG. 4.6 
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v) Occurrence of imbricate lenses of the Lesser 
Hiaal«y«n quartzite of Garhval Group within the 
Higher Himalaya Crystallines between the MCT~I and 
the MCT-II is observed. 
vi) Occurrences of huge landslides parallel to thrust 
contact have been observed. The prominent one is 
near the Dhopardhar in Bhilangna valley. 
4.1.1.2 Jutogh Thrust (MCT-II) 
The Jutogh Group metasediments of Simla Hills and 
the Chaur mountain area overlie the Late-Precambrain to 
Phanerozoic sediments of the Krol-Deoban-Shali belt along 
the well demarcated Jutogh Thrust (Pilgrim and West, 1928). 
On subsequent mapping the Jutogh Thrust has been extended 
from the Chaur area to the Pabbar valley (Rupke, 1974; 
Srikantia and Bhargava,1974; Bhargava,1980). In the present 
area Jutogh Thrust (MCT-II) demarcates the southern limit of 
Central (Inner) Crystallines zone and the northern limit of 
the Outer Crystallines zone. It has been locally designated 
as Panwali Thrust by (Rao and Pati; 1980). The Jutogh Thrust 
(MCT-II) dips due N to NE at about 40-60^. Along the thrust 
the medium to high grade crystalline rocks of the Central 
(Inner) Crystallines rests over the low grade rocks of the 
Outer Crystallines. The Jutogh Thrust is well exposed at the 
Rih village in Bhilangna valley and at Jhala bridge in 
Balganga Valley showing development of augen nylonites. Pati 
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and Rao (1983) placed the Jutogh Thrust between Central 
(Inner) Crystallines and paraautochthonous rocks of Garhwal 
Group in Mandakini Valley. The Jutogh Thrust (MCT-ZI) con-
tact shows the development o£ mylonites in upthrust (Central 
Crystallines) block. Presence of a thick amphibolite band at 
the thrust contact is observed. Prominent retrogressive 
effects, like chloritisation in the upthrust block (Fig.4.4) 
and development of muscovite rims around garnet are seen. 
Also rotated garnet is observed in garnet bearing schist 
(Fig.4.5). 
Following evidences are noticed for Jutogh Thrust 
(MCT-II) in Bhilangna Valley. 
i) Like Chail Thrust (MCT-I), the Jutogh Thrust 
(MCT-II) demarcates a Eone of mylonites. Naha and 
Ray (1971), Srikantia and Bhargava (1974) and 
Chakravarti (1980) reported the occurrence of 
mylonitized gneiss in the Simla Himalaya as a key 
evidence of thrusting at the base of the Jutogh 
nappe. These mylonitic gneisses have experienced 
much greater degree of flattening and associated 
recrystallization than in the tectonically higher 
levels of Jutogh Group, 
ii) Based on structural investigation, it is noticed 
that earliest F. folds are totally obliterated near 
the thrust zone. 
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iii) Ketrogr«de metamorphism is very veil pronounced 
near the thrust zone. 
^•1»2 Ghuttu Window 
The Ghuttu window shows the exposure of the Garhwal 
Group rocks surrounded by the Outer Crystallines in a large 
antiformal structure. The tectonic units are separated by 
the MCT-I which is folded by antiformal fold. The quartzite, 
slate and phyllite sequence has been mapped in an antiformal 
core around Ghuttu village. 
Tewari et al.(1963) suggested the presence of a 
window around village Ghuttu and referred to it as Ghuttu 
window. According to them Chandpur of Krol belt is exposed 
in the core of window and succeeded by the Higher Himalaya 
Crystallines. This Correlation was not accepted by Rao and 
Pati (1980),who suggested the contact between the gneissic 
rocks and quartzite, slate and phyllite sequence as grada-
tional and doubted the existence of a window . However 
present investigation, does not lend support to the view of 
Rao and Pati (1980), but suggests existence of tectonic 
window around Ghuttu village. Here in the window zone the 
low grade quartzite, phyllite and slate of Garhwal Group are 
surrounded tectonically by the ovelying high grade gneisses 
of the Chail group in large antiformal structure. The thrust 
(MCT-I) separating the two tectonic units has been fold by 
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the antifora in the window zone. This antiform is post-MCT 
and belongs to D. deformation. 
4.2. MINOR STRUCTURES 
4.2.1 Structures of first phase deformation (D,) 
4.2.1.IF/Folds 
Early minor folds are observed at certain 
localities near Gangi and Lala in the Central Crystallines 
zone and near Chintarbagi and Jakh in the Outer Crystallines 
zone of the Bhilangna valley. They are of appressed tight to 
isoclinal styles (Pig.4.6,4.6a) and plunge toward NW and SE 
direction with a varied angle. The folds are characterized 
by long stretched limbs with angular to subrounded hinges. 
The folds have folded the lithological banding of metamor-
phic origin. Axial-plane foliation is developed with these 
early folds and are generally parallel to the metaraorphic 
banding. 
4.2.1.2 S. Foliation 
The lithological banding of metamorphic origin is 
the earliest planar structure. It has been folded by the 
minor folds (F.) of first phase of deformation. No primary 
bedding (pre-metamorphic) structures have been observed in 
quartzites of the Garhwal Group and in the Outer and Central 
Crystallines zones. It is assumed that the compositional 
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banding of metcmorphic origin are the original planar struc-
ture (S } The S. foliation plane is axial-plane type and was 
developed during the D. deformation phase. 
4.2.1.3 1;, Linear Structure 
The earliest linear structure is defined by the 
mineral lineation produced by the preffered alignment of 
micas and quartz fibres. The L. mineral lineation is 
parallel to the fold axes of F. folds. The lineation is 
trending NW or NNW at low angles. The L, mineral lineation 
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is prominent feature in biotite gneiss and mica schist and 
occurs on the S. axial-plane foliation. 
4.2.2.Structures of second phase deformation (Pj^ 
The Structures associated with this deformation 
event have been identified on the basis of fold style, 
superposed relationship of the structures of the first and 
third deformational events. 
4.2.2.1 F, Folds 
S. axial plane foliations have been folded by F. 
folds. F. folds are tight to open in styles. Their axes 
plunge in MW or SE direction at moderate angles. Pokhar 
synform and Ghuttu antiforn in Higher Himalaya Crystalline 
zone, whose axial trace trend in MU-SE direction belong to 
F generation (Fig.4.7,4.7a}. F, fold hinges show variable 
Fig. ^.6 Tightly appressed isoclinal fold (F.) in quartzite of Garhwal 
Group. Loc. Chhintarbagi. 
Fig. 1^.7 Open type F_ fold in mica schist of Pokhar unit of Outer 
Crystallines zone. Loc. near Diulang village. 
FIG. 4.6 
FIG. 4 .7 
NW 
FIG. 4.6a NW-SE trending isoclinal 
F, fold. 
FIG. 4.7a NW-SE trending open type 
F2 fold of D2 deformation with S^ 
fol iat ion. 
L2 a L3 L inea t ion 
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plunge, either towards MU or SE. This variation in plunge 
nay be attributed here to refolding of F. folds by later 
generation folds of F. generation. 
4.2.2.2 ^2 Foliation 
The S. foliation plane in Bhilangna Valley is also 
defined by axial-plane foliation. During the D, deformation 
S. axial-plane foliation is produced. They are coplanar to 
S. axial-plane foliation, however, oblique relationship of 
S. and S„ is observed within or adjacent to F. fold hinges. 
Both S. and S. are preserved in psammitic as well as pelitic 
layers. S. foliation of the phyllosilicates produced as AP 
foliation of the F„ folds appear to have overprinted the S. 
foliation. 
The crenulation foliation is also formed during the 
D. deformation. They are prominent in pelitic rich layers, 
whereas in psaramite they are not well preserved. At the fold 
hinge of F. folds, the axial plane foliation is prominent, 
whereas at the linbs development of crenulation foliation is 
seen (Fig.4.8). 
4.2.2*3 Intersection Lineation (L-) 
This is commonly observed in mica schist of Outer 
Crystallines zone. The intersection of S. and S. axial plane 
foliations of F. and F. folds respectively produces L. 
Fig. 't.S Crenulation foliation (S_) associated with F_ folds in mica 
schist. Loc. Mendu. 
Fig. 1^.3 Kink folds of F^ generation. Note development of fracture 
along the axial surface, and irregular quartz pods are filling 
the cracks. Loc. near Ghuttu temple. 
FIG. 4 . 8 
4 
FIG. 4 . 9 
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lineation. The trend of L_ lineation is generally toward i^W 
or SE direction at low angle. 
4.2.2.4 Crenulation Lineation (L„) 
The Crenulation lineation on the limbs of the fold 
is defined by the hinges of the F folds. The crenulation 
lineation is developed in mica schist and chlorite schist 
near Ghuttu Village. This crenulation lineation (L-) is 
parallel to sub parallel to the L lineation. 
4.2.3. Structure of third phase deformation (D -, ) 
4.2.3.1 Folds 
The deformation event D^ produced the F folds of 
close to open styles. F folds axes plunge in hii or SW 
direction at moderate to steep angles. The F- folds trends 
transverse to the F and F folds and hence they are called 
cross folds. 
Kink folds 
NE-SW trending kink folds with subvertical axial-
planes and angular hinges are sporadically developed in 
schist and gneiss of the Central and Outer Crystallines zone 
(Fig.4.9) The kink folds may have developed towards the late 
stage of D. deformation. The kinks show development of 
fracture along the axial surface. The cracks are filled by 
irregular quartz pods or by regular quartz veins. 
CHAPTlR-5 
PETROGRAPHY 
In the Bhilangna and Balganga valleys Che diagons-
tic field characters and petrography of the main rock types 
in the Central Crystallines, the Outer Crystallines and the 
Garhwal Group are described. The main rock types occurring 
in the area, are as follows: 
5.1 SILLIMANXTE GNEISS 
5.2 AUGEN GNEISS 
5.3 STADROLITE-GARNET SCHIST 
5.4 BIOTITB GNEISS 
5.5 AMPBIBOLITE 
5.6 TOURMALINE GRANITE GNEISS 
5.7 PORPHYRITIC GNEISS 
5.8 GRANITE GNIESS 
5.9 MICA SCHIST 
5.10 PHYLLITE 
5.11 SLATE 
5.12 qUARTZITE 
5.13 MEfABASIC 
5.14 CHLORITt SCHIST 
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5.1 SILLZHANITE GNEISS 
this gneiss contains fibrolite and sillimanite as 
one of the major constituents. The rocks are well foliated, 
medium to coarse grained and show raetamorphic layering. The 
sillimanite gneiss contains R-feldspar.quartz, muscovite, 
biotite and subordinate hornblende and tourmaline. It occurs 
around Kharsoli village near Khatling glaciers in the 
Bhilangna valley. 
Under the microscope, the sillimanite gneiss mainly 
consist of biotite,muscovite,quartz, microcline, orthoclase, 
plagioclase and sillimanite as essential minerals, where aa 
apatite, tourmaline, zircon, hornblende,hematite.magnetite, 
leucoxene and limonite are accessories. The micaceous mine-
rals and sillimanite are arranged in such a manner as to 
show schistose structure (Fig.5.1). Occasionally elongated 
quartz shows linear arrangement. Sometime quartz and feld-
spar exhibit granoblastic texture. Veins of fine mats of 
fibrolitic-sillimanite often meander in sinus waves through 
the micaceous foliae of the rocks. Sillimanite is usually 
intergrown intimately with and apparently replacing biotite. 
5.1.1 Biotite 
Biotite occurs as irregular flakes which often have 
a linear arrangement and foliation plane (S.) is mainly 
governed by biotite, muscovite and sillimanite. Biotites are 
strongly pleochoric of reddish brown and greenish brown in 
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colour. Ita pieochorism being X'pale greenish 6r yellowish 
brown, Y" Z" Dark greenish brown. Flakes of biotite often 
show inclusions of long needles of fibrolice which are 
lighter in colour than the host biotite (Fig.3.2). They 
probably represent the earliest stage in alteration of 
biotite to fibrolite. In some of the strongly foliated 
varieties, biotite aggregates are completely replaced by 
brown to dirty brown fibrous aggregates. 
5.1.2 Muscovite 
Muscovites are usually better developed than 
biotite. Parallel g-rowth of the two micas is not uncommon. 
Often the muscovite flakes lie across the alignment of 
biotite flakes and sometimes the continuation of biotite 
cleavage can be seen in the enclosed muscovite either as 
fine microscopic lines or aa accicular inclusions or even »B 
thin biotitic shreds runing in that direction. These obser-
vations suggest that though most of the muscovite might have 
originated simultaneously with biotite, but some is formed 
at the expense of biotite. Inclusions of sillimanite needles 
are quite common in muscovites. Muscovites are forming the 
primary schistosity plane and crenulation foliations 
(Fig.5.3). Two generations of muscovite are observed. The 
first generation muscovites are aligned parallel to sub-
parallel to the foliation plane. The second generation 
muscovite prophyroblasts grow across the schistosity. 
Fig. 5.1 Sillimanite gneiss showing the schistosity, which is defined 
by parallel arrangement of sillimanite needles and micas. 
Crossed polars x 63. 
Fig. 5.2 Long slender needles of fibrolite replacing the host biotite 
grains. At the top corner quartz grain is seen. Crossed polar? 
X 63. 
Fig. 5.3 Sillimanite gneiss showing two sets of schistosity. The earlier 
schistosity (North-South) is folded, forming a crenulation cleavage 
trending nearly (East-West). In top left corner broken K-feldspar 
grains are seen. Crossed polars x 63. 
Fig. 5A Felted mats and fine needles of sillimanite. Crossed polars 
X 63. 
FIG. 5.3 
FIG. 5.2 FIG. 5.4 
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5«1«3 Si 1limanite 
Silliiaanite occurs as mat(Fig.5.4) and fine needles 
as fibrolite enclosed in biotire, muscovite and quartz. The 
biotite is bleached and give rise to a dirty grey colour or 
colourless fibrous aggregates having slightly lower refrin-
gence and higher birefrinegences than those of the clear 
silliraanite. In some specimens felts of dirty grey fibrolite 
pass into the prisms of colourless sillimanites which are 
elongated along the same direction. It appears that most of 
sillimanite, may have been derived directly from biotite. 
5.1.4 Quartz and Feldspar 
Two types of quartz are observed. The first type 
quartz is often xenoblastic. Whereas the second type quartzs 
are stretched and elliptical in shape. Quartz often shows 
slight undulose extinction. In the K-feldspar (orthoclase 
and microcline) bearing gneisses,the bigger plates of micro-
cline sometimes contain inumerable inclusions of quartz 
giving rise to poikiloblastic textures. Microcline shows 
incipient twining and perthitic stringers (Fig.5.5). K-feld-
spars are mainly sercitized and kaolinized.Plagioclase feld-
spar occurs usually in big plates,showing albite twining. 
Among the accessory minerals zircon and apatite are 
very common. Tourmaline and variety of Fe-oxides have been 
observed in several sections. Zircon is colourless or brown 
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and occurs as small rounded irregular grains enclosed in 
biotite, fibrolite or silliraanite or quartz. Inclusions o£ 
zircons in biotite are usually surrounded by pleochoric 
halos (Fig.5.6). Apatite occurs as sub-hedral prismatic to 
anhedral grains. Magnetite occurs as irregular mass and 
sometimes forms the nucleous of the pleochoric or circular 
halos in biotite. 
5.2 AUGEN GNEISS 
Augen gneiss is coarse grained and consists of 
quartz, feldspar, biotite and muscovite. Augens of quartz 
and feldspar,1-3 cm long and eye shaped are aligned with 
their long axes subparallel to the foliation plane. 
^Under the microscope, augen gneiss consists of 
quartz,K-feldspar,plagioclase(biotite,muscovite as essential 
minerals and sericite, apatite,magnetite,zircon,hornblende, 
epidote,clinozoisite,tourmaline as the accessory constitu 
ents. Quartz, feldspar and micas rich layers define the 
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schistosity.MyrmekAtic texture is common (Fig.5.7). 
5.2.1 Quartz 
Two types of quartz are observed. First type quartz 
ar sub-rounded to rounded in shape while second type quartzs 
are mainly angular to anhedral in shapes and highly recrys-
tallized. Limonitic material occurs along the fracture plane 
of the first type quartz grains. Under the crossed polars 
Fig . 5.5 Microci ine microperth i te w i th a co'arse albi t ic lamallae. A t 
the bot tom a twinned albite grain occurring as inclusion. 
Crossed polars x 63. 
F ig . 5.6 Si l i imanite gneiss shows pleochoric haios in b io t i te . Crossed 
polars X 63. 
F ig . 5.7 Augen gneiss showing myrmeki t ic plagioclase. A t the 
le f t hand side K-feldspar porphyroblast is seen. Crossed polars 
X 63. 
F ig . 5.8 Saussaritized plagioclase and matr ix are mainly made up of 
quartz and f ine grained feldspars. Crossed polars x 63. 
FIG. 5.5 FIG. 5.7 
FIG. 5.6 FIG. 5.8 
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quartz often exhibits widely spaceed lamallaes subparallel to 
the primary foliation (S.) of the rock. At some place these 
quartz grains show well developed twin lamallae. 
5.2.2 K-Feldspar 
Orthoclase is present in augen gneiss and occurs as 
porphyroblaats. The size of R-feldspar grains ranges between 
0.5 mm to 2.5 mm.K-feldspar shows the cross hatched twining. 
At some places antiperthitic intergrovth is also seen. 
5.2.3 Plagioclase 
Among the feldspar Na-plagioclases range upt 60-70Z 
where as Ca-plagioclase ranges upto 15-202. Albite and 
oligoclase are the main plagioclase. Myrmekitic intergrowth 
is quite common. The veinlets of plagioclase cryst..!- " 
between various crystals of K-feldspars. Saussritisation is 
quite prominent, showing alteration of plagioclases into 
epidote. Sericitization and kaolinization are also common 
phenomena in this rock type (Fig.5.8). 
5.2.4 Biotite 
The biotite is usually reddish brown in colour and 
shows very high degree of pleochorism, X" yellowhish brown 
and Y»Z" dark brown. Some of the the biotite flakes show 
deeper shades of colour irregularly distributed along the 
margin. 
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5.2.5 Muscovite 
Muscovite is comparatively poorer than biotite in 
this rock. The muscovite flakes lie acros the alignment of 
the biotite as well subparallel to biotite where schistosity 
plane is defined by biotite. 
Among the accessories, apatite appears as small 
prismatic or subrounded inclusions in quartz and feldspar. 
Epidote occurs as irregular grains as well as associated 
with biotite. 
5.3 STAUROLITE-GARMET SCHIST 
In hand specimen staurolite-garnet schist contains 
porphyroblasts of garnet and staurolite together with micas, 
quartz and feldspars. The micaceous band alternate with 
quartz and feldspar rich layers. Well developed biotite 
lineaiton is observed. 
5*3.1 Quartz 
Quartz is the most abundant mineral in this rock. 
Two generation of quartz are observed. The first generation 
quartz is usually recrystallized and is subrounded in shape. 
The second generation grains are mainly stretched and elon-
gated in nature and anhedral in shape, showing undulose 
extinction and deformed twin lamallae. The first generation 
quartzs are full of inclusions. 
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5.3.2 Staurolite 
Two generations o£ staurolite are observed in the 
rock. The first generation staurolites are skeletal in 
shape. The second generation staurolites are prismatic and 
euhedral in habit with quartz and magnetite inclusions. 
5.3.3 Garnet 
Garnets occurs as porphyroblasts ranging in size 
from few milimeters to centimeters. They are euhdral to 
subhedral in shape but also show a tendency for elongation 
in the direction of schistosity. Garnets also occur enclosed 
in big idioblastic crystals of staurolite. Two generation of 
garnets are observed in the rock type. First generation 
garnets are skeletal to subrounded in outline and pink in 
colour and fractured (Fig.5.9). Si trail is sub parallel to 
Se external fabric. The second generation garnets are mainly 
fresh in nature and mainly appear in the form of euhedral 
crystals and enclosed in staurolite and garnet. 
5.3.4 Plagioclase 
Plagioclase appears in the form of porphyroblasts 
that are wrapped by micas. Albite twinning is quite common. 
5.3.5 Mjiscoyite , and ^ Biotite 
The length of biotite flakes are ranging between 
0.5 mm. to 2.0 mm. and usually of reddish brown in colour. 
Fig. 5.9 Photomicrograph of staurolite-garnet schist showing 1st generation 
garnet porphyroblasts with inclusions of quartz and magnetite 
and the garnet is fractured. Crossed polars x 63. 
Fig. 5.10 Photomicrograph of staurolite-garnet schist showing two sets 
of schistosity. The primary schistosity S. (North-South) is 
defined by parallel arrangement of biotite and muscovite and 
the later schistosity S^ (East-West) is mainly of crenulation. 
Crossed polars x 63. 
Fig. 5.11 Photomicrograph of staurolite-garnet schist showing tightly 
appressed isoclinal fold. Crossed polars x 63. 
Fig. 5.12 Photomicrograph of biotite gneiss showing the two generation 
of biotite; the first is parallel to S. (North-South) and the 
second is developing at the hinge of crenulation fold S_. 
Crossed polars x 63. 
FIG. 5.9 FIG. 5.1 
^ M ^ . 
^ ^ * 
FIG. 5.12 
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At some places biotite have released iron giving rise to 
iron oxide minerals like magnetite, hematite and lioonite. 
The primary schistosity plane (S.) is governed by both 
biotite and muscovite flakes which are folded (Fig.5.10). At 
some places big porphyroblasts of staurolite and garnet grow 
across the primary foliation defined by micas. Both the 
biotite and muscovite flakes are folded into tightly appres-
sed isoclinal folds (Fig.5.11). The micas are of two gener-
rations, the first generation micas are subparallel to the 
metamorphic layering and the second generation micas define 
the AP schistosity. 
5.4 BIOTITE GNEISS 
Biotite gneiss occur in the lower unit of Central 
Crystallines zone of Bhilangna valley. Gneissosity is 
defined by the biotite and muscovite. Quartz and feldspar 
grains are highly recrystallized and aligned along the 
foliation. Their porphyroblasts are wrapped by the biotite. 
The rock is greyish black in colour ^md normally medium to 
fine grained. 
The essential minerals in this rock type are 
quartz, biotite, K-feldspar, plagioclase, muscovite, and 
chlorite. Magnetite, hematite,epidote,leucoxene and liaonitc 
occur a» acceessory minerals. The cleavage cracks of the 
biotite are filled by minute opaque inclusions. Intergrowth 
of feldspar and quartz show ayrmekitic texture. 
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5.4.1 Biotite 
Biotite is yellowish brown or greenish brown in 
colour. The grain size varies between 0.15 nn and 2.5 no. 
and forms the S. plane. Biotite is normally altered to 
chlorite. Crenulation foliation is also seen, where the 
second generation biotite are formed at the hinge of the 
crenulation fold and perpendicular to the first generation 
biotite (Fig.5.12). 
5.4.2 Quartg 
Quarts occurs as anhedral , stretched and mostly 
elongated in nature. The quartz grains are usually,coarsely 
crystallized and show undulose extinction and sutured 
contact (Fig.5.13). Some of the quartz grains are recrystal-
lized, fine grained without undulose extinction. 
5.4.3 Feldspars 
Both the varieties of feldspar (K-feldspar and 
Plagioclase) are observed. They mainly.appear in the form of 
porphyroblasts and aligned along the S. plane. Often they 
are surrounded by the small second type quartz grains. The 
feldspars are altered to sericite and kaolinite, suggeting a 
retrogressive phase of raetmorphism. Plagioclases exhibit 
albitic twining. Pcrthitic intergrowth is quite common. 
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5.5 AMPHIBOLITE 
Amphibolites occur as concordant bodies in the form 
of bands and sheets like isoltated bodies. Soaecines tfacy 
cut across the foliation of the country rocks. 
They are dark coloured, fine to coarse grained rocks. 
Schistose structure is more commonly developed in fine and 
medium grained varieties than in the coarse grained ones. 
The amphibolites contain elongated prismatic needles as well 
as stout prisms (Fig.5.14). Occassionally, the rock exhibits 
bands rich in feldspathic material varying from 1 mm. to 3 
mm. in thickness. 
Petrographically three types of amphibolite are 
recognised, viz. 
5.5.1 Plagioclase amphibolite 
5.5.2 Biotite amphibolite 
5.5.3 Garnetiferous hornblende gneiss 
5.5.1 Plagioclase amphibolite 
This rock is essentially composed of hornblende, 
plagioclase, quartz, epidote, clinozoisite, magnetite and 
chlorite. Zircon and lecucoxenes are the accessory minerals. 
The most abundant mineral is hornblende which occurs in 
variable amount. The hornblende appears in the form of 
porphyroblasts of irregular outline, and the linear and 
planar elongation of these minerals is observed in fine 
grained schistose variety. In general,greenish and bluish 
Fig. 5.13 Biotite gneiss showing deformed quartz grains with undulose 
extinction, and recrystallized grains of formed along the grain 
boundaries. Crossed polars x 63. 
Fig. 5.14 Amphibolite showing prismatic grains of hornblende. Crossed 
polars X 63. 
Fig. 5.15 In biotite amphibolite big porphyroblast of biotite shows inclusionss 
of apatite and epidote. The dark grain at the centre of the 
porphyroblast is the basal section of apatite. Crossed polars 
X 63. 
Fig. 5.16 Garnetiferous hornblende gneiss showing myrmekitic texture; 
the myrmekitic quartz occurs in triangular shapes, indicating 
that myrmekite probably formed due to exsolution. Crossed" 
polars x 63. 
FIG. 5.15 
FIG. 5.14 FIG. 5.16 
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hornblende show strong pleochrisn. The scheme of pleochorism 
is X« yellow or greenish yellow, Y» green or bottle green. 
Z- greenish blue, the ebsorption being X<Y<Z. In some 
specimens, the hornblende is brownish green and absorption 
is X<Y>Z. Prismatic sections of hornblende show positive 
elongation and maximum values of extinction angle 
XAC, frois 2»^ tf> 23°, 
The hornblende crystals include inclusions of small 
second generation quarts, ilmenite, sphene, leucoxene, 
chlorite and limonite. Often they show sieve texture. They 
alter into biotite and chlorite. 
The plagioclase feldspar varies in composition from 
andesine nearly (An-40) to labradorite (Apx.An-70) as deter-
mined from maximum X A 010 in sections normal to 010. It is 
usually fresh to altered. Some of the sections are highly 
kaolinized and sericitized. There is no definite relation 
between basicity of feldspar and the amount of quartz 
present in specimen. Some of the amphibolites containing 
basic andesine or labradorite have quartz content almost 
equal to plagioclase. Sometime plagioclase shows undulose 
extinction and deformed twin like structure under crossed 
nicols. The grain size of the plagioclase is mainly medium 
to fine grained, laths and as sub-idioblastic to xenoblastic 
grains with ill defined and corroded margins. Sericitizatioo 
along the cleavages and twin planes are very common and most 
of grains are clouded with clay mineral and iron oxides 
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«t«ins. The extinction angle X ranges upto 30 . Sodic 
labradorite (An-50) are £ound to replace albite. The other 
coaitton plagioclases are albite and oligoclase (An-13). The 
laths of these plagioclases show blasto-subophitic texture 
with hornblendes. The plagioclase shows lobate relation with 
hornblende and often the intergrowth between that two is 
also found. Generally plagioclase contains the inclusions of 
zoisite, sericite, calcite and apatite. 
The amount of orthoclase in amphibolite is very 
less as compared to plagioclase. The grain are mainly sub-
idioblastic. Generally these grains are clouded with 
development of muscovite, sericite, limonite and hematite 
grains. 
Fibrous faintly pleochoric flakes of chlorite occur 
along the margin of hornblende, containing inclusions of 
epidote and sphene. The hornblendes are mainly altered to 
chlorite. 
Magnetite is the most common accessory. This 
mineral is having irregular outline and usually occur* as 
inclusions in hornblende. Most of the sections are contain-
ing variable amounts of leucoxene which are mainly altered 
from magnetite. The appearence of leucoxenes are mainly in 
skeletal form. 
5.5.2 Biotite amphibolite 
Biotite amphibolites are mainly associated with 
biotitas and the colour of the hornblende varies from blue 
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to brownish green in colour. Biotice is mainly 0.1 •«. to 
0.8 mm. in length and brown in colour. They are highly 
pleochoric fros pale yellow to reddish brown. The biotite 
are usually free from inclusions, but occassionally some 
isolated grains of apatite, epidote occur as inclusions in 
biotite (Fig.5.15). 
The size of the hornblende is comparatively larger 
here than plagioclase amphibolite and they are brownish 
green in colour. Some of the hornblende crystals show the 
inclusions of hornblende which are smaller in aize than host 
hornblende. Sometime twinned hornblende crystal is partly 
colourless and partially greenish and the boundary between 
the two types cut across the twinning plane, thus suggesting 
the change of hornblende composition after the development 
of the twin. When two hornblendes are in parallel growth 
they usually extinguish at the same time.The maximum extinc-
tion angle (Z^C) being 20 . 
In the amphibolites the proportion of quartz varies 
greatly in different specimens irrespective of the basicity 
of the plagioclase. 
5.5.3 Garnetiferous hornblende gneiss 
Occurrence of garnetiferous hornblende gneiss above 
the MCT-II is quite significant. Thickness of alternating 
hornblende and micaceous bands is quite variable. Quartz 
veins are quite significant and mainly appear in the folded 
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pattern. Ecsentially Che rocks contain quartz.biotite.horn-
blende, garnet and plagioclaae; magnetite, leucoxcne and 
apatite are the accessory minerals. Overall the rock 
exhibits gneissose structure. Schistosity is well defined 
and mainly governed by hornblende and biotite. The bands of 
hornblende and biotite are arranged alternating with 
quartso-feldspathic layers. 
The porphyroblasts of hornblende occur in the 
groundmass which is composed of finely recrystallized 
quartz, feldspar and garnet. They are very strongly 
pleochoric and the scheme of pleochorism is X^yellow or 
greenish yellow, Z'greenish blue and Y° bluish green. The 
absorption being X<Y<Z. Prismatic sections of hornblende 
show positive elongation and they are biaxially negative. 
The hornblende mainly shows poikiloblastic texture. It is 
difficult to distinguish the prismatic sections of colour-
less hornblende from those of diallage but the characteris-
tic basal parting (Salite structure) and the positive optic 
sign of diallage distinguishes it from the former.Inclusions 
of iron oxides are developed along the fracture plane of 
hornblende. 
Garnet* are mainly small in sice, but they are 
mainly aligned along the foliation plane. The grain* of 
garnets are mainly subrounded to elliptical in ahape and 
ganrelly having inclusion* of small grain* of *econd 
ganrstion quarts and magnetite. At places, the magnetites 
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•re giving rise to spotted leucoxene. Myrmekitic texture 
appeared in triangular £orm due to the exsolution (Fig. 
5.16). Occurrence of this type of exsolution is just belov 
the thrust plane, deciphered the temperature generated 
during the thrusting event. 
The Outer Crystallines consists of Tourmaline 
granite gneiss, porphyritic gneiss and granite gneiss. 
5.6 TODRMAMLINE GRANITE GNEISS 
This rock is characterized by its granitic compo-
sition and well defined foliation. The foliation plane is 
governed by the biotite and muscovite flakes. The porphy-
roblasts of quartz and feldspar are aligned along the foli-
ation plane and they are highly recrystallized in nature. 
The needles of tourmaline are quite prominent and they are 
randomly distributed in the rock, with often radiating 
habit. Recrystallized quartz veins traverse through the rock 
with random orientation. 
Under microscope, tourmaline granite gneiss of 
Bhilganga valley consists of quartz,K-feldspar,plagioelase, 
bi«eite, muscovite and tourmaline as essential minerals and 
chlorite, sericite, apatite, magnetite, hornblende, cpidotc 
and zircon as accessory mineras. The biotite rich bands show 
great variation in grain size of all mineral constituents. 
At places hornblende shows poikiloblastic texture due to the 
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inclusions of ninute grains of quartz. Myraekitic texture is 
quite common in the rocks (Fig.5.17). 
5.7 PORPHYRITIC GNEISS 
The porphyritic gneiss overlies granite gneiss and 
underlies tourmaline granite gneiss in the Outer Crystalli-
nes of Bhilangna valley. The quartz and feldspar appear in 
the form of porphyroblasts . Biotite and muscovite define the 
foliation plane.The porphyroblasts of quartz and feldspar 
are wrapped by the micaceous minerals. 
Under microscope, porphyritic gneiss exhibits 
granoblastic texture. The quartz, K-feldspar plagioclase, 
biotite and muscovite are essential constituents and 
magnetite, rutile, and chlorite are accessory minerals in 
the rock. The porphyroblasts of quartz and feldspar are 
wrapped by the flakes of biotite and muscovite and exhibit 
porphyroblastic texture (Fig.5.18). Intergrowth of feldspar 
and quartz shows myrmekitic texture. The calcic plagioclases 
have been alterted to albite plagioclase with release of 
epidote and muscovite. The albite and K-feldspar are highly 
sericitized and kaolinized and show recrystallization. At 
some places original brown biotites are replaced by 
psudeomorphs made of aggregates of chlorite, rutile, 
titanite and white micas. 
Fig. 5.17 Photomicrograph of tourmaline granite gneiss showing myrmekitic 
plagioclase; the grains in extinction at the top and left are 
of K-feldspar. Crossed polar x 63. 
Fig. 5.18 Photomicrograph of porphyritic gneiss showing typical porphyro-
blastic texture (augen type). The K-feldspar porphyroblasts 
are wrapped up by flakes of biotite and muscovite. Crossed 
polars X 63. 
Fig. 5.19 Photomicrograph of granite gneiss showing mylonitic characters. 
The K-feidspar grains (black and grey) are highly deformed 
with undulose extinction and irregular fractures. The fractures 
are filled up by quartz; also some newly formed recrystallized 
quartz grains at the grain boundary. Crossed polars x 63. 
Fig. 5.20 Photomicrograph of granite gneiss showing foliation (Fluxion 
structure) which is mainly developed due to mylonitization. 
Crossed polars x 63. 
FIG. 5.17 FIG. 5.19 
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Group. At the thrust contact due to the cataclasis, the 
rocks are sheared in nature. Recrystal1ization of quartz and 
feldspar grains are quite prominent. The granite gneiss is 
homogenesous in nature without much mineralogical variation. 
Under microscope, the granite gneiss exhibits 
granoblastic texture. The essential minerals are quartz, 
K-feldspar, plagioclase, biotite, muscovite, sericite and 
chlorite; whereas hornblende, apatite, zircon, epidote and 
clinozoisite occur as accessory minerals. The granite gneiss 
shows textural variation due to varying intensity of myloni-
tisation (Fig.5.19). Though the major protion of the geniess 
is porphyroblastic, but bands of fine grained gneiss devoid 
of porphyroblasCs occur at various levels. This gneiss is 
well foliated with fluxion structure (Fig.5.20). Another 
characteristic feature is the development of stretched 
mineral lineation defined by biotite and quartzo-feldspathic 
streaks. Strong recrystallization and neomineralization 
dominate over cataclasis showing development of blasto-
mylonite near the the thrust contact. 
As mineralogy of all the three rock types of the 
Outer Crystallines are same, they are described jointly as 
follows : 
5.8.1 Quartz 
Two types of quartz are observed. The second type 
quartz mainly exhibits xenoblastic texture. The grains 
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elongated, equant, interlock and show optical continuity. 
The £rist type quartzs exhibits allotrimorophitic form. 
Under the crossed polars, the quartz often exhibits widely 
spaced lamallaes, sub-parallel to primary foliation (S^) of 
the rock. Occassionally a well developed deformation lama-
llae has been observed in quartz, signifies syntectonic 
recrystallization and in some cases the quartz grains do not 
have any strain effct indicating post tectonic recrystalli-
zation (Fig.5.21). 
5.8.2 K-feldspar 
Both the variety of K-feldspar (orthoclase and 
microcline) are present and appear in the form of porphyro-
blasts. The grain size of K-feldspar varies between 0.5 mm 
to 2.5 mm. K-feldspar shows perthite films and stringers and 
some of its grains show only incipient cross hatched twining 
especially around the inclusions of quartz. Plagioclases are 
mostly (0.1-1.5 mm.) acid oligoclase with anorthite content 
less than 15Z. K-feldspars are always turbid with limonite 
and kaoline. Some of the K-feldspar grains are highly seri-
citized and altered; sometime, K-feldspar contain water 
clear drops of secondary quartz and small inclusions of 
plagioclase. Perthitic intergrowth is quite common. At some 
places antiperthitic growth is also observed. Sericitization 
and kaolinization suggests regional retrograde metamorphic 
event (Fig.5.22). 
Fig. 5.21 Photomicrograph of granite gneiss showing a quartz porphyrobiast 
with undulose extinction and wrapped up by foliation, indicating 
its syntectonic nature. At the left hand corner fine grained 
quartz without strain effect indicate post-tectonic recrystallization. 
Crossed polars x 63. 
Fig. 5.22 Photomicrograph of granite gneiss showing a porphyrobiast 
of plagioclase showing sericitization and kaolinization, which 
are due to regional retrogression. Crossed polars x 63. 
Fig. 5.23 Photomicrograph of mica schist showing S. foliation defined 
by elongated biotites. Crossed polars x 63. 
Fig. 5.2^ Photomicrograph of biotite-muscovite schist showing flakes 
of muscovite (dark) with cracks along cleavage filled with 
minute opaque inclusions. Crossed polars x 63. 
FIG. 5.21 IG. 5.23 
FIG. 5.22 FIG. 5.24 
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5.8.3 Plagioclase 
Plagloclases in granite gneisses are dominant and 
play a major role in signifying the genetic history of 
granite. Sodic plagioclases are widely distributed upto 
70-80% where as the anorthite content is upto 152. The 
plagioclase are mainly albite and oligoclase and appear as 
porphyroblasts. The protrusion of plagioclase in K'feldspar, 
which may have irregular or straight margins, show typical 
myrmekitic quartz. The grain size of the plagioclase mainly 
ranges between 0.2 and 1.5 mm. At places they are either 
untwinned or show albite twinning. At places plagioclase 
shows zoned margin at its contact with K-feldspar. The 
marginal portion of plagioclase has a lower refringence and 
a higher birefringence than the central part. Thin veinlets 
of small plagioclase occur with K-feldspar. They take a 
peculiar sinuous course along the boundaries between the 
adjoining K-feldspar and quartz crystals and look like 
ptygraatic veins. At places, plagioclase exhibits saussuriti-
sation producing epidote. Sericitization is also common in 
plagioclase. 
5.8.4 Biotite 
Biotite occurs as sub-idioblastic flakes. The size 
of the flakes varies from 0.1 to 5 mm. They are mainly 
governing foliation plane. Biotite wraps the feldspar and 
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quartz graina. At places the biotites appears in the foro of 
aggregates. The biotites are highly pleochoric. They are 
usually reddish borwa (a) type but greenish brown biotite is 
also observed especially in highly crystalline varieties. 
Basal flakes of biotite often show inclusions of long 
needles of biotite which are lighter in colour than the 
host. These probably represent the early stage of alteration 
of biotite. Reddish brown colour is due to introduction of 
limonites along the cleavage planes. 
5.8.5 Muscovite 
Muscovite is usually Isser developed than biotite. 
The parallel growth of biotite and muscovite is quite 
common. Also the muscovite flakes lie across the alignment 
of the biotite. Most of the muscovites appear to originated 
simultaneously with biotites, but some have crystallized 
later than the biotites. 
5.8.6 Hornblende 
The hornblende laths range between 0.1 and 0.5 an. 
in length and usually occur as xenoblastic to subidioblastic 
elongated plates. Small basal sections of hornblende occur 
»s inclusions in quartz. Pleochoric scheme of hornblende is 
X«Yellowish green, and <Y<Z"dark bluish green of emerald 
green. The extinction angla ZAC varies with naxiaum of 18 . 
The large hornblende prophyroblasts have poikiloblastic 
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iaelutiona of quartz, apatite, zircon, magnetite and 
5.8.7 Epidote 
Epidote is colourless to dirty grey in colour with 
grain size ranging between 0.5 mm and 1.5 mm in length. At 
places, the epidote veins cut across the quartz grains and 
also occur along the two twin planes of feldspar. 
Apatite appears as small prismatic or subrounded 
inclusion in feldspar and quartz. Some of the basal section 
of apatite is isotropic. 
Iron oxides are widely distributed in granite 
gneisses. Mainly magnetite, liraonite, ilmenite, hematite and 
leucoxene are present. Occurrence of magnetite is mainly 
confined to big porphyroblasts of quartz and feldspar and 
along the fracture planes of these big prophyroblasts. At 
places blood red colour hamatite of rhombic shape occur in 
quartz grains. Limonite appears mainly at the boundary of 
quartz and K-feldspar. 
5.9 MICA SCHISTS 
The rocks are well foliated and schistose in nature 
and contain porphyroblasts of elongated quartz grains. The 
porphyroblasts are mainly wrapped by micaceous minerals. 
Towards NE part of the study area schist becomes rich in 
biofcite forming quartz-biotite schist. This schist at places 
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contain thin layers of gneissic rocks. The biotite schists 
is followed by muscovite schists upward in the succession. 
Appearence of quarts veins following the trend of country 
rocks is a quite common feature. 
5«9«1 Quartz mica schist 
The schistosity of the rock is defined by the 
flakes of biotite and elongated recrystallized quartz grains 
(Fig.5.23). The quartz is of two types, second type quartz 
is stretched and elongated, whereas the first type is clean, 
moderately undulose with straight to scalloped boundaries. 
The quartz grains also show numerous fractures. Both the 
varieties of feldspar occur. Medium to fine grained variety 
appears in porphyroblastic forms. The elongated ends of the 
porphyroblasts are often found associated with fine grained 
aggregates of polygonal quartz,in which micas are completely 
absent. Feldspars are altered to sericite and extensive 
sericitization effect give rise to cloudy appearence in 
feldspar grains. Few feldspars contain inclusions of seri-
cite, magnetite, apatite and zircon. Perthitic intergrowth 
is also observed. 
Biotite is next abundant mineral which shows 
greenish brown to deep brownish colour with strong pleocho-
risra. The biotites are mainly aligned along the foliation 
planes. Often biotites show release of iron giving rise to 
magnetite. These magnetite changes to leucoxene. Colourless 
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••all grains of tircons are widely distributed. Tourmaline 
grains are also associated with the rock. 
5.9.2 Biotite-muscovite schist 
Biotite-muscovite schists are widely distributed in 
Bhilangna valley. Both the biotite and muscovite define the 
schistosity plane. Quartz grains are recrystallized and the 
grain size is mainly medium to fine. Iron oxides are leached 
along the foliation plane. In association with biotite, 
greenish chlorite also govern the foliation plane. The 
cleavage cracks of muscovite are widely opened and are 
sometimes full of minute opaque inclusions (Fig.5.24). 
Myrmekite texture is quite common. Marginal granulations 
signifies that the rock has undergone recrystallization. 
5.9.2.1 Biotite 
Biotite is yellowish brown or greenish brown (Z) in 
colour, the size of the grains ranging between 0.1 mm and 
2.5 mm. and forms the S^ schistosity plane. Sometime they 
contain interlacing accicular, semi-opaque crystals of tour-
maline. Both the biotite and muscovite are of two genera-
tions. Alteration of biotite to chlorite is significant. At 
some places the biotites have free growth and appear in the 
form of aggregate masses. Biotite shows pleochoric halos 
with altered apatite. Association of limonite with biotite 
i« also observed. At some plac-es muscovite flakes of first 
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generation show kink type (Fig.5.25), crenulation £oliation 
(Fig.5.26). 
5.9.2.2 quartz 
The grains are 0.1 to 1.5 mm. to size and usually 
coarsely crystallized and often show undulose extinction and 
deformed twin lamellae. The quartz are of two types. Second 
type quartz are elongated, stretched in shape and aligned 
along the foliation planes. The first type quartzs are 
strained and have numerous fracture. 
5.9.2.3 Feldspar 
Both the variety of feldspars (K-feldspar and 
plagioclase) appear in the rock in the form of porphyro-
oblasts as well as aligned along the schistosity plane-(S.). 
They are mainly wrapped by micas and small second genertion 
crystals of quartz. Some of the porphyroblasts show inclu-
sions of flaky and platy minerals. K-feldspars are altered 
to sericite, suggesting retrograde metaraorphisra. Limonite is 
quite widespared along the fracture planes of K-feldspars. 
Plagioclases are also a dorainent mineral in the rock showing 
albitic twinning. Often the twin lamallaes are either broken 
or bent due to the mechanical stresses. Quartz, magnetite 
and micaceous mineral inclusions are quite common in 
plagioclase. Feldspars show perthitic intergrowth. 
Myrcmekitic texture is widely observed. Plagioclase ranges 
Fig . 5.25 Photomicrograph of b iot i te-muscovi te schist in which flakes 
of muscovite show kinks. A t the le f t top recrystal l ized quartz 
grains occur at t r ip le point. Crossed polars x 63. 
F ig . 3.26 Photomicrograph of b iot i te-muscovi te schist showing two sets 
of fo l ia t ion . The S. fo l ia t ion (North-South) is folded and a 
new crenuiation fo l ia t ion is developed (nearly East-West). 
Crossed polars x 63. 
F ig . 5.27 Photomicrograph of phyl l i te showing wel l marked fo l ia t ion 
wi th abundant graphite. Crossed polars x 63. 
F ig . 5.28 Photomicrograph of schistose quartz i te along MCT-I showing 
granulation and recrystal l izat ion of quartz grains typical of 
a mortar texture. Crossed polars x 63. 
FIG. 5.2 5 FIG. 5 .27 
FIG. 5.26 
71 
botwccn oligocl«s« to and«sln«. Often they exhibit 
poikiloblastic texture. 
Zircon, apatite, nagnetite, liraonite, chlorite are 
common accessoreis. Zircons are colourless, small ovoids 
having high relief and are found scattered in the quartz 
mass or along the interface of quartz, muscovite and 
biotite. Apatite usually occurs as small prismatic crystals. 
Magnetite, ieucoxene and limonite occur as small irregular 
grains. Tourmaline is also associated with the schist. 
Tourmaline occurs as short prismatic needles showing 
pleochorism from greenish yellow(e) to brown(w). Dichorsm is 
also observed in tourmaline. 
5.10 PHYLLITB 
Phyllite occurs interbeded with the quartzites and 
slate. It is fine grained and greenish grey in colour. Some 
strained quartz are aligned along the schistosity plane. 
Under microscope, the phyllite is characterized by 
well developed schistosity imparted by the preferred orien-
tation of flakes of chlorite and muscovite. The schistosity 
surface exhibits a silky lusture due to muscovite. The 
foliaccous minerals alternate with thin streaks of quartzo-
feldspathic minerals which are aligned parallel to the 
schistosity. Occasionally pyrite crystals have developed in 
•••11 lenticular cavities which lie oblique to the plane of 
schistosity. Phyllite shows cataclastic texture with the 
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development of stretched, elongated distorted quartz grains 
and they are oasked by graphites (Fig.5.27). Phyllite 
consists of quartz, R-feldspar, sericite, muscovite, biotite 
and plagioclase. 
5.10.1 Chlorite 
It shows plechorism form yellowish green (Z) to 
green (X or Y) and blue or dark grey interference colour. On 
the basis of size of the flakes chlorite are classified into 
chlorite I and II. Chlorite I flakes occur as tiny flakes in 
quartz rich layers and define schistosity, where as chlorite 
II are elongated flakes and define crenulation foliations. 
5.10.2 Sericite/Muscovite 
White micas are commonly oriented along the S. 
schistosity. At times muscovite contains inclusions of 
epidote. Occasionally, the large flakes of muscovite oblique 
to the schistosity (S.) plane. 
5.10.3 Biotite 
It occurs in small quantity. Biotite are aligned 
along the foliation plane. Biotite-I defines the schistosity 
and is pleochric (X-light yellowish brown, Y"Z"brown). The 
second variety of biotite (II) occur as tiny flakes and is 
superimposed over the schistosity. 
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5.10.4 Quartg 
Quarcz is a major constituent of psammitic layers 
and occurs as inequsnt grains. They are of two generations. 
Quartz-I is medium to coarse grained and second generations 
quartz are fine grained. Both quartz-I and II show undulose 
extinction. 
5.10.5 K-Feldspar 
In some thin section microcline are seen exhibiting 
cross hatched twinning. K-feldspar are intimately associated 
with biotite. 
5.10.6 Plagioclase 
Small laths of plagioclase (An-10) occur in asso-
ciation with quartz. At places they are altered to sericite. 
Some time deformed twin lamallae are also seen. 
Tourmaline and Iron Oxides minerals like hematite, 
magnetite and limonite occur as accessory minerals. 
5.11 SLATE 
Greyish green slate band occurs in Ghuttu window. 
The rock is fine grained and shows development of slaty 
cleavage. 
Under microscope, slates are very fine grained and 
show the development of foliation plane. The rock is tra-
versed by the quartz veins which run parallel to or cut 
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across the primary schistosicy plane. The foliation plane is 
defined by the chlorite, sericite, and muscovite. The slate 
contains quartz, R-feldspar, sericite, muscovite, chlorite 
and some biotite flakes. 
5.11•1 Quartz 
Quartz is one of the major constituents in the 
rock. Their grains are mainly subhedral to anhedral in 
shape. The quartz are of two generations, first generations, 
quartz are subrounded to rounded in shape. The second 
generations quartz grains are placed along the foliation 
plane. 
5.11.2 Feldspar 
Both the K**feldspar and plagioclase are seen in the 
rock in small quantity. K-feldspars are mainly microcline 
and exhibit cross hatched twinning. Small laths of 
plagioclase occurs in association with quartz grains. 
5.11.3 Chlorite 
Chlorite are yellowish green (Z) to green (X or Y) 
colour in pleochoric scheme. They are of two generations: 
First generation chlorite (I) define the foliation plane, 
whereas the chlorite (11) are placed oblique to the S^ 
plane. 
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5.11.4 Sericite/Muacovite 
Sericlte and muscovite are aligned along the S^  
plane. Often sericlte is also seen in K-feldspar. 
5.11.5 Biotite 
Biotites are aligned along the schistosity plane 
(S.) but the amount is very less. Some time they exhibit 
pleochoric halos. 
5.12 QUARTZITES 
A thick sequence of quartzite occur below the Chail 
Thrust (Main Central Thrust-I) associated with bands of 
chlorite schists and metabasics. 
The quartsites are mainly dirty white to greyish 
green in colour and thickly bedded. The grain size ranges 
from medium to fine grained. The quartzites show pronounced 
orientation of mica flakes, which not only defined the 
bedding plane but also well developed mineral lineation. 
Often the quartzites are grity in nature. 
Petrographically quartzites have been classified 
into two types. 
5.12.1 Massive quartzite 
5.12.2 Schistose quartzite 
5.12.1 Maaaiv quartzite 
The quartzites exhibit granoblastic texture and 
eonaist of tub<-ro]anded to elongated grains of quarts* 
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quartz grains are of two generations. Generally the quartz 
grains show straight extinction. Most of grains exhibit 
relicts of sedimentary structures. Inclusions xif nascovite 
and biotite in quartz are quite coraaon. Occassionaly magne-
tite inclusions are also observed. Flaky minerals like 
muscovite and biotite define poorly developed foliation 
plane. The laths of muscovites are mainly parallel to 
schistosity plane. 
5.12.2 Schistose quartgite 
Schistose quartzites are mainly observed around the 
Ghuttu window. They are mainly intercalated with schists. 
The quartzites are varigated in colour ranging from white to 
green. Muscovite,biotite and chlorite define the schistosity 
plane. Near the thrust plane mortar texture in quartzite is 
observed (Fig.5.28). The essential mineral assemblages in 
the rock are quartz, biotite and chlorite with apatite, 
zircon and magnetite occuring as accessory minerals. 
5.13 MBTABASICS 
The metabasic rocks are penecontemporaneously 
deposited with quartzites of Garhwal Group rocks. They 
contain thin lenses of secondary quartz along the foliation 
plane. 
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The schistosity is weekly developed and defined by 
the chlorite. Amygdoloidal structure is also seen, whereas 
the vesciles are filled by the secondary quarts. 
5.13.1 Hornblende 
In metabasic, hornblende is the most abundant 
mineral and appears as elongated prisms.they appear as 
porphyrblasts in schistose variety, showing irregular 
outline embedded in a granoblastic groundmass of anorthite 
and quartz. Greenish and bluish hornblende show strong 
pleochrism (X"yellow or greenish yellow, Y"green or bottle 
green, Z'greenish blue and the absorption being X>Y>Z}. 
Positive elongation is exhibited by prismatic crystals and 
extinction angle ranges from 18 to 23 . Often prismatic 
sections of hornblende show fine lines of basal parting and 
simple twining parallel to the cleavage lines. 
5.13.2 Plagioclase 
Plagioclase in metabasics range in varying amount. 
Normally the sise of the plagioclase ranges between 1 mm. to 
2 mm. Plagioclase composition varies from (An 40-70). Due to 
later phase of regional retrogression, most of the plagio-
clases are highly Kaolinixed and sericitized. At places 
plagioclase show undulose extinction. Sometime plagioclase 
exhibits corroded margins. Also laths of plagioclase show 
blaato-subophitic texture with hornblende. Plagioclase shows 
M ' 
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lobatc relation with hornblende. Inclusions of clinozoisite, 
sericite, calcice end apatite are common is plagioclase. 
5.13.3 Pyroxene 
The pyroxene in the metabasics appears as big 
crystals. Some of the big crystals show relict pyroxene with 
Schiller structure in the core. It appears that the original 
pyroxene has given rise to amphiboles by uralitzation. Some 
of the hornblende has given rise to biotite with the release 
of titanium. 
5.13.4 Epidote 
Epidotes occur as rounded as well as well developed 
crystals with faint yellowish are green pleochorism. Clino-
zoiste occurs as elongated colourless crystals with anomolus 
blue interference colour. The epidotes are mainly concentra-
ted in plagioclase. Some of the clinozosite occurs within 
the hornblende. The epidotes are the retrograded product of 
hornblende and plagioclase. 
5.14 CHLORITE SCHIST 
The chlorite schist is made up of pelitic and 
psaaaitic layers. The pelitic layers exhibit dark green 
colour, and the psaanitic layers give greyish white 
appearence. Quartz grains are embedded along the foliation 
plane. At places quartz grains appear to fora porphroblaats 
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which are wrapped by chlorite and biotite. AC some places 
chlorite schists are rich is quarts and is interbedded with 
sericite-chlorite schists. 
Primary schistosity (S.) is well preserved. The 
£oliaceous minerals occur as idioblastic in pelitic layers 
and as minute porphyroblasts in the psamraitic layers. Quartz 
exhibits granoblastic to xenoblastic texture. The myloniti-
zation is well observed due to crushing of quartz into small 
granoblastic aggregates. 
5«14.1 Quartz and feldspar 
Quartz and feldspar of the groundmass vary greatly 
in grain size. They are mainly colourless and at times dusty 
due to inclusions of tiny dots of iron-oxides. Two vaieities 
of quartz are recognised.Quartz I is coarse grained,anhedral 
with sutured periphery.This quartz has accquired ellipsoidal 
form and occurs as porphyroblasts. Chlorite and micaceous 
flakes are mainly associated with second type quartz (II). 
Occasionally quartz shows undulose extinction. Big porphyro-
blasts of quarts and feldspar arc aligned along the folia-
tion plane, wrapped by the chlorite and micas. Both the 
orthoclase and raicrocline arc observed, and aicrocline 
dominated rock exhibit perthitic intergrowth. K-fcldspars 
arc highly scricitized, and sericites arc mainly developed 
along ,the fracture planes of K-fcldspars. Associated 
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pl«gioclasc ranges between albitc and oligoclase, showing 
albite and symmetrical twinning. 
5.14.2 Chlorite 
Chlorite is faintly pleochoric from light green to 
green. It forms fibrous to idioblastic form and occurs as 
tiny specks. Chlorite are of two types. Chlorite-I is in 
form of minute flakes and shows distinct cleavage. It shows 
faint pleochorism from light green to green and shows 1st 
order interference colours and parallel extinction. 
Chlorite-II is yellowish green to green in colour, and is 
the altered product of biotite and garnet. At times, it is 
observed to be psuedomorph. Chlorite-II shows berlin blue 
interference colours and parallel extinction. In northern 
part of the area chlorite (X«=pale yellowish green, 
Y^yellowish green, Z^green) show gradual change from 
irregular disseminated to well defined elongated flakes. 
They are very intimately intergrown with muscovite and 
sericite. Chlorite exhibits two patterns of orientation, one 
being parallel to the main schistosity (S^) and the other at 
an angle to the S.• Some sections show the development of 
crenulation foliation in chlorite. 
5.14.3 Muscovite 
It occurs next in abundance to chlorite. Colourless 
Muscovite is associated with Chlorite~I. Idioblastic grains 
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occur as porphyrobl«8Cs arranged parallel to the foliation 
and at timea also occur oblique to the S-plane. It also 
occurs as inclusion in quarts and as alteration product of 
feldspar. Muscovite shows high order interference colours 
and parallel extinction. 
5.14.A Sericite 
Small colourless flakes of sericite occur as minute 
porphyroblasts in psammitic layers and exhibits high order 
interference colour with parallel extinction. 
Among the accessory minerals zircon and apatite are 
quite common. Tourmaline, epidote, clinozoisite, calcite and 
varieties of iron oxides are observed in some sections. 
Zircons are colourless or brown and occur as small rounded 
or irregular grains enclosed in biotite,chlorite and quartz. 
Some tourmaline grains show inclusions of apatite. Calcite 
appear in the form of veins. 
CHAPTER - 6 
METAMORPHIC HISTORY 
The present chapter deals with the petrographic 
characters and inferred raetamorphic condition o£ the study 
area. Based on mineral assembalges,the paragenetic sequence 
and the mineral development in relation to structural 
events, an attempt has been made here to build up the meta-
morphic history and to estimate the P-T condition during 
different metamorphic episodes. 
Regional metamorphism takes place in the deeper 
parts of orogenic belts,while the regional metamorphic rocks 
are found in what are called metamorphic belts (Miyashiro, 
1961). 
The metamorphism in the Himalaya is of regional 
type, commonly referred to as normal metamorphism of 
Harrovian type regional metamorphism (Barrow, 1893, 1912). 
In the Crystallines of Lesser Himalaya and Higher Himalayan 
Crystallines, the metamorphism is of Kyanite-Sillimanite 
type while the Indus Suture Zone exhibits metamorphism of 
both low and high pressure intermediate groups of Miyashiro. 
An unique feature of the Lesser Himalayan Crystalline thrust 
sheets and the Central Crystallines rocks is the inverted or 
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reverse aetraaorphisra whereby the grade o£ raetanorphisra 
increases stratigraphically upwards. 
6.1. NETAMORPHIC ZONE 
The rocks of the Bhilangna valley have undergone 
progressive regional metamorphism of the Barrovian type^ 
showing an upward grade of metamorphism from chlorite to 
sillimanite grade. The metamorphic mineral assemblages of 
each zone has been studied petrographically.Three major 
metamorphic zones are recognised in the area as given below: 
Zone-A Chlorite-biotite zone 
Zone-B Garnet-Staurolite Zone 
Zone-C Sillimanite Zone 
6.1.1. Zone A- Chlorite-biotite Zone 
The rocks of zone A comprises of schist, quartzite, 
gneiss and amphibolite. The Chlorite-biotite zone extends 
across the regional strike from Garhwal Group rocks to Chail 
and Jutogh groups. Isograd of this zone is almost parallel 
to subparallel to the regional trend of the rock units. This 
zone shows an upward progressive increase of metamorphism 
from chlorite to biotite grade in the metamorphic sequences 
Mineral assemblages 
Chlorite-Sericite-Flagioclase-Quartz. 
Chlorite-Sericite*-Biotite-Quartz-Plagioclas«. 
Biotite-Sericite-Quartz-Plagioclase-Muscovite. 
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Basic 
Hornblende-'Clinozoi8ite--Epidote-Quart2. 
These mineral assemblages show progressive meta-
morphic reactions and a retrogressive metamorphic event. The 
chlorite and biotite assemblages in the area is grouped 
under the green-schist facies. 
6.1.1.1 Different generations of Biotite 
Biotites are reddish brown in colour and occur as 
large laths interleaved with muscovite and chlorite showing 
strong dimensional parallelism along the foliation plane. 
Biotite flakes are formed at the expense of chlorite and 
muscovite. They are developed along the grain contacts of 
chlorite and sericite. At least two generations of biotite 
are recognised under thin section. The first generation 
biotite consists of larger flakes of brownish colour and are 
oriented parallel to the main foliation plane (S.) and at 
some places they are altered to chlorite. The biotite of 
second generation occurs as porphyroblast across the 
foliation and also define the crenulation cleavage(S.). 
6«1»1»2 P-T Condition 
The formation of brown biotite is initiated during 
the low grade aetaaorphism of green-schist facies, when it 
coexists with chlorite + epidote (clinozoisite) and quartz. 
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Probably this biotite is formed at 400°C involving following 
reaction. 
3 Muscovite + Chlorite > 3 biotite + 4 Alrich 
Chlorite + 7 quartz • H-O (Winkler, 1967) 
Chlorite + Muscovite + Hematite > Biotite+H„0+o_ 
(Hietanen,1967) 
6.1.2. Zone B Garnet-Staurolite Zone 
The rocks of the zone B comprises of garnet 
(almandine) staurolite schist and gneiss. This zone is of 
lesser width than the chlorite-biotite zone and it extends 
from 3 km ahead of Lala to Deokheri to village in the 
Bhilangna valley. The isograd is parallel to subparallel to 
the trend of regional strike of the rocks. This zone succeds 
the chlorite-biotite zone and exhibits progressive regional 
metamorphism. 
Mineral assemblages 
Staurolite-Garnet-Biotite-Muscovite-Oligoclase-
Quartz+K-feldspar. 
Staurolite-Gamet-Muscovite-Biotite-Oligocl«»e-
Quartz-Chlorite (Retrograded). 
Appearence of magnetite, hematite, limonite and 
leucoxene is also observed. 
Garnet and staurolite occur as porphyroblasts vhieh 
are wrapped up by the micaceous minerals defining the achia' 
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tosity (S.). The garnet porphyroblasCs range in size from 
0«5 nm. to 1.5 rara. in diameter. The garnet are formed at the 
expenses of chlorite and biotite during the progressive 
regional metamorphism. Inclusions of quartz, magnetite 
occurs in garnet and staurolite. Generally garnets are 
skeletal to subrounded in shape. At places euhedral garnets 
are also seen and they are free from inclusions. These 
garnets occur in straurolite in chronological order (Zwart, 
1962). Helicitic (S-shaped) texture is quite common in 
porphyroblasts of garnet. Staurolites appear in the form of 
skeletal to idioblastic in shape and range in size from 0.5 
mm. t o 2 mm. 
6.1.2.1 Different generations of Garnet 
The garnet is predominantly almanidne in 
compositions. They are pinkish in colour. The rocks of this 
zone are coarse and contain megacrysts of garnet and 
staurolite. The garnets are of two generation. The first 
generation garnets are skeletal to sub rounded in shape and 
contains inclusions of quartz, magnetite and hematite, where 
as the second generation garnets are euhedral in shape and 
free from inclusions, and these garnets abut against the 
foliation plane. 
6.1.2.2 Different generations of Staurolite 
In the present area two generations of staurolite 
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are observed. First generation staurolites are skeletal in 
outline (Fig.6.1) and contain the inclusions of quartz. The 
second generation staurolites are sub-idioblastic to 
idoioblastic in shape and they show the inclusions of 
euhedral garnet (Fig.6.2). 
6»1.2.3 P-T Condition 
Winkler (1967) suggested that amphibolite facies 
sets in about 500-700 C and at 5.5. Kbar pressure range. 
Hietanen included the staurolote sone into the epidote-
amphibolite facies at the higher stability boundary of 
staurolite at about 560 C. Winkler (1967) suggested that the 
staurolites are the most reliable indicator of amphibolite 
facies . 
In the present area garnet and staurolite were 
formed independently or jointly. During the regional 
raetamoprhism, primary chlorite, biotite and muscovite are 
responsible for the formation of almandine garnet. Based on 
mineral assemblages the following reactions are suggested 
for the formation of almandine garnet of the study area:-
Chlorite* Biotite (l)+ Quartz > Almandine garnet 
+Biotite(II)+ H O (Chakravarty and Sen 1967) 
-> Almandine Chlorite * Muscovite + Quartz 
garnet + Biotite + H.O (Thompson and Norton, 1968) 
Fig. 6.1 Photomicrograph of staurolite-garnet schist showing first generat-
ion staurolite (at the top centre) of skeletal nature. The associa-
ted minerals are quartz and micas. Crossed polars x 63. 
Fig. 6.2 Photomicrograph of staurolite-garnet schist showing second 
generation sub-idioblastic to idioblastic staurolite with inclusion 
of magnetite and euhedral garnet crystals. Crossed polars 
X 63. 
Fig. 6.3 Photomicrograph of sillimanite gneiss showing randomly oriented 
fibrolite which replaces biot i te . Crossed polars x 63. 
Fig. 6.^ Photomicrograph of garnet in which the sigmoidally curved 
Si is continuous with Se, suggesting syntectonic development 
with reference to D. deformation. Crossed polars x 63. 
FIG. 6.1 FIG. 6.3 
FIG. 6 .2 
\i:^lJi^^f^ 
FIG. 6 .4 
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Staurolite is £ormed independently or with garnet 
as result of reaction between chlorite and auscovite in eb« 
presence of quartz. 
Chlorite-i-Muscovite-t-Quarts — >Alinandine garnet 
•••Biotite + Staurolite • H.O. 
Chlorite -i-Muscovite > Staurolite-t-Quartz-*- H.O 
(Hoschek, 1967,1969). 
This above mentioned mineral paragenesia suggests 
that the garnet-staurolite zone has undergone 500°C to 575°C 
with 4 Kbar pressure P~T condition. 
6.1.3. Zone C Sillimanite Zone 
The rocks of zone C exposed around Khatling glacier 
in the NE part of the area consists of sillimanite gneiss. 
The isograd of this zone is parallel to subparallel to the 
regional trend of the country rocks. This Zone C succeds 
upward the Zone B of Garnet-Staurolite zone in the 
netamorphic sequence. 
Mineral aaaaablagas 
Quartz-K Feldspar-Nuscovite-Biotitc-Silliaanltc. 
Quart z'K r«ldspar-Nuaeovite**Biotit««>S£lliaaii«te-
Garnet 
Anong the accessory aincrals Zircon, apatite, heaatita and 
liaonite are present. 
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The rocks from this zone show overall coarsening in 
texture. Muscovites are stable upto this zone. Sillieanite 
occurs as a mass or fibrolite in form. Flbrolites are 
randomly oriented (Fig.6.3) and are intimately intergrown 
with biotite and muscovite. The primary muscovite coexists 
with sillimanite and K-feldspar. Often sillimanite felts are 
surrounded by muscovite flakes. Both sillimanite and 
Fibrolite are prograde and represent the peak of high grade 
metamorphism or that fibrolite forms late in a prograde 
metamorphism. Probably the fibrolite must have formed after 
the formation of other coarse grained minerals. Its 
development could be explained by various proceses viz. 
(l)activity of fluid phases (2) metasomatism (3) exsolution. 
Since sillimanite and fibrolite coexist in the area, it is 
quite necessary to understand the chronological order of 
their development. The fibrolites are associated with 
biotite and muscovite and replacing them, and this 
microstructure relation probably indicates that the 
fibrolites have nucleated in micas after the formation of 
sillimanite. The formation of fibrolite is probably 
associated with a fluid phase. Ahmad and Wilson (1982) 
suggested that fibrolite generally shows disequlibrium 
microstructure and its formation is usually related to the 
activity of fluid phase. In the area, the high grade mineral 
assemblages with coarse grained sillimanite might have been 
formed during D. deformation and the fibrolitic overgrowth 
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on biotite must have been formed during waning stages of D. 
defornation or D. (?). 
6.1.3.1 P-T Condition 
In raetasediments, first appearence of sillimanite 
define the begining of Barrovian sillimanite zone of 
raetamorphiem. The presence of this mineral indicates a 
higher tempurture and pressure regime. The. reactions are 
inferred for the formation of sillimanite. 
1 Muscovite-t-Quartz > 1 K-f eldspar + l Al-SiO-
JSillimanite)-»^lH 0 ( Althus ,et. al., 1970;Day ,1973). 
Almandine garnet-*-Hu8COvite-> Biotite-*- Sillimanite 
•fH-0 (Holdaway et al.,1982}. 
The sillimanite producing reaction indicates that 
in the high temperature zone of regional metamorphism, K-* 
feldspar with sillimanite will crystallize instead of 
muscovite (Hietanen, 1967). In garnet bearing rocks, the 
reaction signals the termination of the reaction of biotite-
silimanite to almandine K-feldspar. 
Occurrences of sillimanite and K-feldspar in the 
sillimanite zone suggests that the temperature might have 
gone upto 650 C and at pressure of 4.6 Rbar (Holdaway et.il-j 
1982). 
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6.2. TIME RELATION BETWEEN METAMORPHISM AND DEFORMATION 
The study o£ Si and Se fabric analysis in garnet 
porphyroblasts under the microscope is carried out to 
determine the relative order of crystallization of critical 
minerals and their relation with the different phases of 
deformat ion. 
The Si fabric which define the internal S-surfaces 
within the crystal is mainly determined by trails of quartz 
and magnetite inclusions. The Se fabric representing the 
external S-surfaces in the immediate vicinity of the porphy 
roblasts is marked by preferred orientation of micaceous 
flakes which forms the foliation S.. The following Si'Se 
relations are noted in some garnet and biotite porphyro-
blasts of the rocks of the area. 
6.2.1, Garnet 
1. The Se (S.)i8 sigmoidally curved around garnet 
porphyroblasts and continious with Si. Where Si is discon-
tinious with Se or with unoriented inclusions, suggesting 
growth of porphyroblasts while rotating relative to the 
matrix during deformation. This textural relation probably 
imply growth of porphyroblats prior to deformation of the 
matrix which caused 'draping' of se around the more 
resistant porphyroblasts (Zwart,1962; Spry,1969). In the 
study area the above draping might have been caused by D. 
deformation which produced crenulations on S.. It is 
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inferred that the garnet is syntectonic (D.) with respect to 
the formation of Se (S.),either tectonic deformation of the 
matrix or displacement of Se by grovth of the porphyroblasts 
accounting for the draping of Se (Vernon, 1978), 
2. Some of the garnet porphyroblasts in which the Si 
is sigmoidally curved and continuous with Se (S^) (Fig.6.4), 
suggests growth of garnet while rotating relative to the 
matrix during deformation (D^). The curvature of Si is 
believed to have resulted from continuous change in orien-
tation of Se relative to uniformly growing porphyroblasts 
(Spry, 1963, P-212). 
3. In some cases garnet porphyroblasts show greater 
degree of rotation,(Over 180°),(Fig.6.5), (Spry,1963,1969; 
Schoneveld, 1977). Such snowball garnet were formed syntec-
tonically during D. deformation. 
4. Some of the garnet porphyroblasts in which Si is 
continious with Se and is more deflected towards the edges, 
indicates syntectonic growth of garnets in relation to D, 
deformation. This type of garnet has also been described by 
Ocway, 1967. This microstructure can be interpreted as post 
tectonic by progressive displacement of Se. 
5. In some of the porphyroblasts where Si is continu-
ous with Se, it indicates post-tectonic growth of the garnet 
and staurolite in relation to Se (S.) (Fig.6.6). 
6. Certain idioblastic garnet occurs as inclusions in 
the porphyroblasts of subrounded garnet. The outer garnet 
Fig. 6.5 Photomicrograph showing rotated garnet with a degree of 
rotation reaching above 180 . Crossed poiars x 63. 
Fig. 6.6 Photomicrograph showing garnet porphyroblast with straight 
inclusions trails; Si is continuous with Se indicating post-tectonic 
growth of garnet. The garnet is surrounded by mostly biotite. 
Crossed poiars x 63. 
Fig. 6.7 Photomicrograph showing two stages of garnet growth, the 
earlier formed garnet without inclusions surrounded by a rim 
of second generation garnet having unoriented inclusions of 
quartz. Crossed^ poiars x 63. 
Fig. 6.8 Photomicrograph of idioblastic garnet free from inclusions 
occur as inclusion within a big staurolite porphyroblast. The 
garnet might have formed during D. deformation and later 
has been included in staurolite. Crossed poiars x 63. 
F16. 6.5 
^:f- T:\ 
FIG. 6.6 FIG. 68 
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having inclusions of quartz, indicates two stages of growth 
during syn- to post- D. delormative events (Fig,6.7). 
7. The idioblastic porphyroblasts of garnet, free from 
inclusions and occuring in the large crystals of staurolite 
implies post-tectonic development of staurolite with respect 
to D. deformation,or the garnet might have formed during D. 
and later has been included by staurolite which is developed 
during post-0, deformation (Fig. 6.8). 
6« In some of the garnets the Se defined by biotite 
rich layers are truncated against garnet porphyroblasts 
without deflection. This texture probably indicates that the 
garnets have grown post-tectonic in relation to the defor-
nation which produced Se (S.). The garnets are of second 
generation formed during D deformation,and such garnets are 
usually devoid of any inclusions (Fig.6.9). 
6.2.2. Biotite Porphyroblasts 
1. The biotite flakes containing linear trails of 
quartz (Si) parallel or oblique to foliation traces show 
parallel relation to Se fabric or S, plane. These grains 
show undulose patchy extinction. This concordant relation-
ship of Si and Se fabric represents nonrotational syntec-
tonic biotite porphyroblasts with respect to D. deformation. 
2. Appearence of unstrained flakes along the crenu-
lation foliation planes S. is o£ second generation related 
to D„ deformation (Fig.6.10). 
Fig. 6.9 Photomicrograph in which the biotite rich layers defining S. 
foliation is truncated against garnet porphyroblasts without 
any deflection, probably indicating post-tectonic growth of 
garnet in relation to foliation. Crossed polars x 63. 
Fig. 6.10 Photomicrograph of second generation unstrained biotite flakes 
developing along the hinge crenulation formed during D_ deforma-
tion. Crossed polars x 63. 
Fig. 6.11 Photomicrograph of first generation garnet porphyroblast (D.) 
showing unoriented inclusions of quartz and magneti te. Crossed 
polars X 63. 
Fig. 6.12 Photomicrograph of staurolite (at the centre) having straight 
inclusions of magnetite which are parallel to the matrix foliation, 
indicating its post tectonic growth in relation to D, deformation. 
Crossed polars x 63. 
FIG. 6.9 FIG. 6.11 
i ' 
FIG. 6.10 
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6.3. RELATIOM BETWEEN CRYSTALLIZATION AND DEFORMATION 
PHASES 
The study o£ textures of metamorphitefi o£ Bhilangna 
valley reveal the fact that they are the result of complex 
interaction of deformation and recryatallisation. The 
deciphered mineral assetnblages of the study area reveal that 
all the minerals have undergone progressive raetamorphic 
reactions and all the asemblages have suffered regional 
raetamorphic episode. The mineral assemblages indicate that 
metamorphism took place under the conditions of green-
schist to upper araphibolite facies. Presence of sillimanite 
indicates that the pressure- temperature condition was high 
and formed under the upper amphibolite facies. The area has 
suffered three events of defomrations (D.t D» and D.) and 
produced three phases of folding Fj , F„ and F... 
6.3.1. First phase of metamorphism (M.) 
M. mcCamorphism is the most important metamorphic 
episode during which the metamorphism reached its peak with 
crystallization o£ pelitic index minerals like garnet,stau-
rolite and sillimanite. 
The first phase of deformation (D.) involved large 
scale of folding of bedding plane (S ) resulting into 
development of isoclinal mcsoscopic folds (F,) on S and the 
formation of axial-plane foliation (S.). This S. foliation 
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plane is the most prominent S-surface in the Bhilangne 
valley.8. foliation is defined by the developaent of 
chlorite-I, biotite-I, muscovite-I, garnet-I, staurolite-I, 
and silliraanite. The micaceous flakes define the S. plane. 
Fold profiles reveal that the earliest detactable recrystal-
lieetion occurred during the development of F. folds and is 
related to the D. deformation. Due to this textural control 
early generation of mica flakes and quartz is preferably 
oriented along the axial~plane foliation (S,). In the hinge 
zones of the F. fold, most of the micas are aligned parallel 
to the main traces of S^  foliation. 
Certain porphyroblastic growths of minerals e.g. 
garnet, feldspar and staurolite are significant in 
understanding textural relationship. All stages of garnet 
porphyroblasts like skeletal to snowball and well formed 
euhedral garnets are well preserved in the study area. The 
first generation garnet shows unoriented inclusins of quartz 
and magnetite (Fig.6.11). The S-shaped garnet are syntecto-
nic with reference to F,. The Si and Se indicate the 
rotation of garnet after crystallization. Some of the garnet 
and staurolite porphyroblats exhibit straight Si of magne-
tite (Fig.6.12) suggesting it might have crystallized during 
post D, deformation. 
6.3.2. Second Phase of metamorphism (M.) 
The aetaaorphic episode M. is related to the D. 
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deforaation event. The resultant of D. deformation is F. 
open type folds and S_ axial^plaTte foliation and crenulation 
foliation (also S.). Host of the minerals d«veloped in the 
area show two phases of growth history. Euhedral porphyro-
blasts of garnet and staurolite, which are inclusions free, 
belonging to second generation were crystallized during M. 
metamorphic episode. Second generation micas, quartz and 
feldspars also crystallized during M. metaraorphism. This 
metamorphic event is post-D, to syn- D. deformation. 
6.3.3. Third phase of metamorphism (M-) 
The M- episode of metaraorphism is related with the 
D. deformation events. During this event all prograde index 
minerals are retrograded, like biotite and garnet altered to 
chlorite and sillimanite altered to sericite. Such alter-
ations are attributed due to fall in temperature and pres-
sures. The alterations effects are more pronounced in grain 
boundaries and along the fractures and weak planes. 
CHAPTEt-7 
GEOCHEMISTRY AMD PBTR0GEMESI8 OF NETABASICS OF 
GARHWAL GROUP 
In the past over two decades the relationship 
between tectonic environment and composition of the volcanic 
rocks has been studied by many workers (Chayes, 1964; Engel 
et al., 1965; Dickinson and Haetherton, 1967; Jakes and 
White, 1972). The major, minor and trace elements as indi-
cators of the petrotectonic origin of volcanic rocks from 
diverse tectonic setting has gained widespread acceptance. 
The geochemical discriminant diagrams for K, Y, Nb, Ti,Zr 
and Sr were used for plate tectonic interpretation by Cann 
(1970) to recognise ocean floor basalts and by Pearce and 
Cann (1973) to determine ocean ridge, island arc, ocean 
island and continental rift basalts. The major oxides were 
used by Pearce et al. (1975, 1977) to separate oceanic from 
continental basaltic rocks« in such geochemical interpre-
tations of the basic rocka, those elements are used which 
remain immobile during low temperature alteration and during 
metamorphism upto green schist facies. 
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7.1. STRATIGRAPHIC ASSOCIATIOHS OF METABASICS OF THE 
GARHWAL GROUP 
The Garhwal Group o£ rocks (Jain, 1971) represent 
an autochtohonous zone in the Lesser Himalaya. It is an 
important stratigraphic unit occurring in an elongated sedi-
mentary belt extending from the Yamuna river in the west to 
the Kali river in the east. Garhwal Group is bounded by the 
North Almora Thrust in south and the Main Central Thrust-I 
(Chail Thrust) in north. The age of this group is placed 
somewhere in the time interval between PreCambrian and 
Middle Palaeosoic on the basis of stromatolites and some 
bryozoan fossils (Valdiya, 1969; Agarwal, 1974). Due to lack 
of fossils, the upper and lower age limits of Garhwal Group 
have not been well defined. In the present study area 
(Bhilangna Valley), the metabasic rocks are associated with 
quartzites of Ghansyali formation (Rao and Pati, 1980). 
Three metabasic bodies are recognized n this area and they 
are penecontemporaneous with the deposition of quartzites. 
Presence of several minor bands and the three thick bands of 
metabasics interbeded with quartzites indicates that there 
has been repeated igneous activity penecontemporaneous with 
deposition. The whole sequence including metabasic has been 
deformed and metamorphosed upto green schist facies. 
99 
7.2. SAMPLING TECHNIQUES 
Surface sampling of the metabasic was done for the 
present geochenical study.Adequate care was taken to collect 
fresh and unaltered samples. The samples were collected 
showing variations in texture.mineral compositions and field 
appearence. A total of 35 samples were collected from the 
major bands of the raetabasics. 
7.3. SAMPLE PROCESSING 
A total of 25 samples were processed for 20 com-
plete analysis for major, minor and trace elements. 
Samples were hand crushed using geological hammer 
into pieces as big as the size of a thumb nail. Samples 
containing secondary minerals were rejected. After crushing 
the rock to 30 mesh, all fragments which were free from any 
secondary mineral association were hand picked. Then about 
250 gms. of powder was taken by coning and quartering for 
futher powdering. About 100 gms. of sample powder was 
brought to -200 mesh for chemical analysis. This -200 mesh 
powdered sample was again homogenized before it was used for 
chemical analysis. 
7.4. ANALYTICAL TECHNIQUES 
The prepared sample powders were dried in the oven 
at 100 C to remove hygroscopic moisture before finally 
processing for solutions. The major elements were analysed 
'lUU 
by wet chenical method described by Shapiro and Brannock 
(1962). NaoH Pellets with O.lgms sample powder was fused to 
prepare Soln.-A, £rom which SiO. and Al.O. were determined 
using spectrophotometer. For other major and trace elements, 
Soln.'B was prepared £rom 0.5 gms sample powder which was 
digested is HF-HNO^ mixture in platinum crucibles. The Soln 
-B were used to determine TiO^, MnO, total Iron, CaO and MgO 
using Atomic Absorption Spectrophotometer. Na.O and K-0 were 
determined using flamephotometer. Trace elements were deter-
mined from Soln -B (200X) using Atomic Absorption Spectro-
photometer . 
7.5. DATA AND INTERPRETATION 
Geochemically analysed data of metabasic rocks are 
presented in Table 7.1 and normative, cation and ratios are 
presented in table 7.2, 7*3 and 7.4. 
The overall composition of SiO. in the analysed 
basic rocks varies for 48.12 to 55.07Z. The nature of Al.O. 
distribution is bimodal with its value ranging for 13 to 14Z 
in majority of the samples. This range of value is similar 
to that of abyssal theoliites (Rogger et al.,1974). The VtX 
of alkali shows a wide variation which may perhaps be due to 
certain amount of post eruption metasomatism and alter-
ation*. 80% of the analysed sample* have Na.O content higher 
than 4X. Tha kigh sodia content in the rock* i* therefore 
eoiiaidarad to b* « characteristic feature. The wtZ of K.O 
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Ill 
ahows a bimodal distribution which may be due to the effect 
of original crystallisation or contamination during the 
ascent of the magma. TiO. shows a small spread with an 
average of 1.26 wt% and it appears to be closely similiar to 
that of abyssal and island arc tholeiites. ^O^Q ^^ ^^^ 
samples shows an appreciable variation in observed restric-
ted range of this constituent in majority of samples. It is 
found to be higher as compared with average P~0- content of 
other basalts of the world. This abnormality of enrichment 
is also to be considered as an unique feature. 
The average chemical and normative composition of 
the metabasics are compared with average spillites (Sundius, 
1930; Iyengar and Banerjee,1964),average basalts (Nockolds, 
1953), average oceanic tholeiites (Engel et al., 1965) and 
average Deccan traps (Washington, 1922). The metabasic rocks 
of the Bhilangna valley are similar to the spillites in 
their soda and silica content but their MgO content (avg. 
8.26X) is extremely higher than spillites of Sundius (4.55Z) 
and Deccan trap (5.46X). K.O also appears to have higher 
concentration than all the rock suites. kl^O^ (avg. 13.36Z) 
compares closely to the spillites of Sundius (13.66Z) and 
Deccan Traps (13.S8X). Although the average Al^O. content of 
these volcanics appear lower than the average occeanic 
tholeiitc, but it is believed (e.g. Hamilton et al., 1964) 
that low Al-concentration are characteristics of oceanic 
tholeiites. An overall comparsion reveals that aetabasic 
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rocks of the Bhilangna valley are of spillitic in nature. 
This conclusion is also supported by the presence of high 
percentage of sodic feldspar in the norms. 
C.I.P.W. norms of the metabasics show saturated to 
undersaturated nature. Though few samples are quarts nor~ 
raative but majority of them are not quarts nor mative. This 
observation is supported by Si and Quarts in Niggli's value. 
7.5.1. Spillitised Nature 
The term spillite was first used by Brongniart 
(1827) for the rocks with albite or albite-chlorite rich 
parts containing High weight percentage of Na 0, H.O and CO. 
and low CaO than basalt. Turner and Verhoogan (1960); Hatch 
et al. (1961); Cann (1969) and Vallance (1969) considered 
spillite to be the rocks analogue to basalt in their mode of 
occurrence and broad fabric elements. However, spillite 
differ from basalt largely with respect to the presence of 
numerous phases of green schist facies type, such as albite, 
chlorite, epidote and calcite etc. 
The metabasics of the Garhwal Group of Bhilangna 
valley are essentially composed of albite and pyroxene with 
chlorite. Their Na.O content (average 4.65%) is high and CaO 
content (average 7.28Z) is low. These mineralogical and 
chemical features of the rocks strongly favour their defini-
tion as spillites in terms of both the traditional usage and 
according to its wider application by vallance (1969). Yoder 
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(1967) made an attetDpt on the basis of nineralogical and 
chemical nature and observed following characteristics. 
1. The spillites lie for the most part in the field 
of Hawaian alkali basalt, though they are not 
alkali basalts. 
2. The apparent stable coexistence of albite, 
cholorite and augite. 
3. The norms of spillite run the garnet of the 
normative limit of normal basalts. Specimens with 
normative limit of normal basalts specimens with 
normative Olivine + Nepheline , Olivine-t-Hypersthene , 
Hypersthene+Quartz are common. 
4. Low K.O and high Na.O compared with average 
basalts. 
5. Absence of micas, amphiboles and zeolites. 
The metabasic rocks of the Garhwal Group of the 
Bhilangna valley fulfill almost all the above conditions. 
Their plots in Na.O-*-K.O Vs SiO. diagram (Fig.7.1.) show an 
alkaline nature as most of the analyses fall above the 
demarcating line proposed by Kuno (1959). But actually they 
are not alkaline basalt, as various chemical criteria and 
variation diagrams strongly support their tholeiitic 
affinity (described in following pages). As far as K^O 
content is concerned, they appear relatively higher than 
normal basalts and spillites. Nornativly these rocks have 
about 60% samples with nepheline in their norms, and 
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Oli vine-f N«phe 1 ine and Oli vine-t'Hypers thene normative saaples 
are also fairly abundant. Therefore, these features of 
netabasics of Bhilangna valley are in accordance with the 
Yoder's criteria of recognising the spillites. 
7.5.2. Effect of Alteration 
Although the metabasics of Garhwal Group have 
suffered a low grade metamorphism resulting in their 
spillitization, yet they have preserved their original 
magmatic textures to a large extent. Various variation 
diagrams and chemical criteria have been used here to 
analyse the effect of alteration on the rock composition. 
The high Na content of the metabasics probably has not 
resulted from chemical redistribution of various elements in 
a closed system, but seems to be the result of additional 
introduction of Na in post-consolidation period. The 
evidence of soda metasomatism is provided by the plots of 
Na O+KjO (Total alkalies) Vs K20*^°0/'^2*^*''*2° diagram 
(Fig.7.2) as suggested by Hughes (1972). By using chemical 
composition of various rock suites, Hughes devised a diagram 
in which the field of unaltered rocks have been referred to 
igneous spectrum. The rocks plotting outside the spectrum 
were considered to be that of unusual composition formed by 
post-igneous metasomatism. In this diagram most of the ana-
lyses of the metabasics of the Garhwal Group of Bhilangna 
10 20 3 0 40 50 
KjOxlOO/Kp*- NogO - * -
FIG.7.2 K 2 0 + N a 2 0 against K2O x 100/K2O+^Ja20 
variation diagram of Metabasic of GarhwalGroup. 
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region fall generally outside the igneous spectrum in the 
field of spillite. 
the effect of soda metasomatism on the composition 
of metabasic rocks of studied region can be broadly visuali-
zed by the study of chemical composition of the samples 
which have not been affected by spillitization and have a Na 
content less than 3Z. A comparative study of chemical com-
position of high Na and low Na samples shows that the effect 
of albitization is mostly on Na.Ot CaO and to a lesser 
extent on SiO.. This observation supports the general belief 
that the spillitization also enriches SiO. in addition to Na 
during spillitization (Turner, 1948; Yoder, 1967). This is 
further corroborated by the data of TiO_, A1_0-, Fe.O-, FeO, 
MgO, K.O, P-0- and HnO, which remain in the general range of 
2 2 3 
tholeiite composition and do not exhibit any appreciable 
change in their contents. The CaO appears to have been 
partly eliminated from the spillitized samples and Na.O has 
been added along with SiO^. 
7.5.3. Magma Type 
In most of the geochenical studies of basaltic 
rocks, the alkali-silica diagrams have been used to 
distinguish different types of magma (Kuno,1962; 
Macdonald,l968) (See Fig.7.1). In metabasics of the Garhwal 
Group the significant redistribution of Na.O puts a 
IIG 
constraint in the use of alkali-silica plot diagram for the 
classification of netabasic rocks. 
Murata (1960) devised a method utilizing various 
variation diagrams in which weight percent of MgO, CaO or 
K O+Na.O are plotted against Al O./SiO weight ratio to 
determine the nature of the magma, whether tholeiite or 
alkaline. Mgo is strongly affected with the progressive 
fractionation of the basic magma towards acidic members and 
shows e. downward trend. CaO behaves similarly whereas Na 0 
and R 0 shows reverse trend but in these cases slopes of the 
trend lines are not as steep as it is for MgO. In the basic 
rocks of Garhwal Group, the alkali metasomatism has changed 
original alkali content and as such use of total alkali was 
not preferred to decipher the nature of the magma. Instead 
HgO Vs Al.O./SiO. variation diagram has been used (Fig.7.3). 
The plots in this diagram fall on tholeiite trend line(B) 
and alkali basalt (J) fields since most of the points are 
clustering near tholeiite basalt. Hence it is inferred that 
•agaa represents an evolved nature and of still basaltic 
composition. Such an inference is in conformity with the 
evolved nature of the plagioclase -pyroxene mineral 
assemblage of these rocks. The tholeiitic nature of basalt 
is the initial composition of the magma. 
Miyashiro and Shido (1975) have used a series of 
plots wlterc the ratio of FeO*/MgO (FeO*«FeO FeO2O3x0.9) were 
plotced against various major oxi4«s,to distinguish eholeii-
F A - Tholeiitic oiivin 
JB - Tholei i t ic bosal 
C - Quortz bosalt 
D - 6 r onophyre 
E - pic r i t e 
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J AlKoli bosalt 
j ' AlKolioliv. basalt 
FIG. T.3 MgO Vo oga ins l A l203/S i02 variation 
d iagram of Metabasic of Garhwal Group. 
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tic basalt from calc-alkaline basalts. Such a plot for the 
Garhval basics (Fig.7*4) iadicates that almost all the plots 
occupy the field of abyssal tholeiites. However, when the 
weight percentage of SiO. is plotted against FeO*/MgO ratio 
(Fig.7.5) most of the samples occupy the field of cal£-
alkaline field. The shifting of points from tholeiite to 
alkaline region is probably caused by redistribution of SiO. 
during post-igneous alterations. It is also inferred from 
this diagram that SiO. has been increased by spilitization. 
Due to the immobile nature of TiO., its trend in TiO. Vs 
FeO*/MgO ratio diagram of Hiyashiro and Shido (1975) may 
prove a better guide. This plot (Fig.7.6) also reflects a 
general concentration of the samples in the abyssal 
tholeiitic field thereby indicating tholeiitic affinity of 
the Garhwal Group basic rocks. 
AFM diagram is widely used in studying the Igneous 
petrogenesis particularly to identify the characteristicss 
of tholeiitic and alkaline basalts (eg. Nockolds and Allen, 
1953; Coombs and Wilkinson,1964; Irvine and Baragcr,1971). 
The plots of aetabasics of Garhwal Group in AFN variation 
diagram arc shown in (Fig.7.7). Most of the plots are lying 
below the demarcating line, indicating calc-alkaline nature 
of the rock*. This calc-alkaline field may not be attributed 
to the aataccic variation because the rocks have been en-
riched in Ka content. It ia thus interpreted that additional 
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content of Na shifts the plots across the boundary line into 
the calc-alkaline field in the diagram. 
The plots in figure 8a,8b is shown in SiO. and 
Fe 0 
2 3+FeO against solidification index (SI-MgOxlOO/Fe 0-+FeO 
+MgO+Na-0+K_0). The use of solidification index in basic 
rocks has an advantage of emphasizing compositional vari-
ation during early stage of fractionation of a basaltic 
magma. In these diagrams the rocks are occupying the field 
of tholeiites. The AFM plot suggest the calc-alkaline affi~ 
nity for these rocks. Alkali metasomatism appears to be 
responsible for their plots in calc-alkaline field. Origi~ 
nally they are tholeiitic in nature which has been indicated 
by the figure 8a and 8b. 
Another method attempted to decipher the magma type 
of metabasics of Garhwal Group is to plot the TiO- Vs SiO„ 
(Fig.7.9) in a manner suggested by Macdonald and Katsura 
(1964). In the present study all the basic rocks of study 
area fall in the field of ocean floor tholeiites as outlined 
by the Whitehead and Goodfellow (1978). 
Pearce et al. (1977) proposed a ternary diagram to 
provide a better discrimination among ocean island basalts, 
ocean ridge and ocean floor basalts, continental basalts, 
spreading centre basalts and orogenic basalts. They used 
triangular diagram, MgO-FeO (Total)-Al_0,, for basalts 
containing 51 to 56Z of anhydrous SiO^. Plots (Fig.7.10) of 
•ctabasics of the study area in the Pearce ct al., 1977 
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diagram mostly occupy the field of ocean ridge and ocean 
floor basalts. A few samples fall under the adjacent field 
of ocean Island and continental basalt field. 
Plots of raetabasics in the discrimantory diagrams, 
TiO^ Vs Zr/P^O , SiO Vs Zr/TiO , Nb/Y Vs Zr/P^O , indicate 
tholeiitic affinity. The results obtained from these diagram 
considered more reliable because among various minor and 
trace elements,Ti,Zr,Y,Nb and Ga have been widely accepted 
as immobile during weathering ^ metamorphism and spilliti*-
zation (Cann, 1970; Bloxam and Lewis, 1972; Pearce and 
Cann,1973). In TiO_-Zr/P_0_ diagram (Fig . 7.11),the plots of 
metabasics rocks of Bhilangna valley demonstrates their 
oceanic tholeiitic affinity. 
Zr/TiO.Vs Ni discrimation diagram has been used for 
distinguishing between metaigneous and metasedimentary rocks 
by Winchester and Max (1982). Plots in Zr/TiO -Ni diagram 
(Fig.7.12) shows that the metabasics of the Garhwal Group of 
Bhilangna valley are of igneous origin. 
Pearce and Cann (1973) has developed a diagram 
based on the abuundances of Ti, Zr, Y in basalts belonging 
to well known tectonic settings. They plotted Ti/lOO-Zr-Y/3 
and delineated four fields of within plate basalt(l), low 
potassium tholeiites (2), ocean floor basalt (3) and calc-
alkaline basalt (4). When plotted in this diagram the 
tholeiitic basalts of the Bhilangna valley fall within the 
FIG. T. 10 WgO- FegOs-l-FeO-AlgOs 
triongulor diagram for Melabasic of 
Garhwal Group. 
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fields of (3) and (4) indicating ocean floor and calc-
alkallne basalt affinity (Fig.7.13). 
Pearce and Cann (1973) also proposed another 
discriminant diagram based on Ti/100~Zr-Sr/2 abundances and 
delineatd the fields for low K-tholeiites, calc-alkaline 
basalt and floor basalt field. Using this diagram majority 
of the samples of the study area are plotted in the field of 
ocean floor basalt and a few sample in the field of 
calc-alkaline basalt (Fig.7.14). 
A binary diagram Ti/100 Vs Zr abundances proposed 
by Pearce and Cann (1973) to delineate the fields of island 
arc baslatic and ocean floor basalt. In the present study 
Ti/100 Vs Zr plots for the metabasic rocks of the Garhwal 
Group fall in the field of ocean floor basalt and calc-
alkaline basalt (Fig.7.15). 
All the discriminant diagrams described above for 
the metabasic rocks of Garhwal Group of Bhilangna valley 
fall in the field of ocean floor basalt and a few fall in 
the field of calc-alkaline basalt. It is inferred that the 
basic rocks of the Bhilangna valley were generated and 
emplaced within a spreading centre. However it is not possi-
ble to say unequivocally whether the spreading occurred in a 
large or a small ocean basin. 
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7.6 PETROGENESIS OF HETABASIC ROCKS OF CARHWAL GROUP 
Geochemistry of volcanic rocks have been used Co 
understand the nature «f the magma type, the process of its 
generation, nature of the source region and its emplacement 
history (Arth and Hanson, 1975; Nesbitt et al., 1979; 
Drury,1983; Rajamani et al.,1985). In order to understand 
the genesis and genetic relationship of oetabasic rocks 
present in the Bhilangna valley,we have to establish whether 
the basic rocks represent primary melts or differentiated 
melts or commulate rock. When the Mg number (Hoi % of 
MgO/Mol % of MgO-i-Mol % of FeO) of a rock is greater than 0.7 
it is taken as primary melt generated from a pyrolite 
source. If the Hg number is less than 0.7, the rock under 
question is believed to be a differentiated melt. Due to the 
poet crystallization metaraorphism, many important igneous 
structures and textures are either modified or completely 
obliterated in the volcanic rocks. Further more other 
complications arise due to secondary alterationsfraetaaor-
phism and metasomatism which could change the bulk chemistry 
of the rock. Such alteration proceses apparently cause some 
enrichment of FeO and depletion of Mgo which could conse-
quently lower the Mg number (Weaver and Tarney,1981). In 
view of all these problems, it is strictly not possible 
always to establish the original nature of the volcanic 
rocks. Although author do realise all these problems enume-
rated above, I have attempted to select the least altered 
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rocks for geocheraical studies. For petro- genesis of aeta-
basic rocks only the data which appers to be very normal was 
used. The purpose of the present investigation was to under-
stand their petrogenesis and source characteristics of these 
rocks . 
Mafic rocks are classified based on various cri-
teria using either major or trace elements chemistry or a 
combination of both. Jensen (1976) developed a triangular 
diagram of cation percentage of Al,Fe-»-Ti and Mg classify the 
mafic volcanic rocks of late Archeans of Ontario, Canada. He 
delineated a boundary between komatitic and tholeiitic 
basalt on the basis of 10 weight percent HgO. It is observed 
from the plots in Jenson's diagram that the metabasic rocks 
of Garhwal Group are dominantly high Mg tholeiities but few 
samples are also falling in the field of high Fe-tholeiites 
(Pig.7.16). None of the samples are falling in the calc-
alkaline field. The samples near the Chail Thrust (MCT-I) 
contact are more Fe rich type tholeiites where as the 
samples away from the Chail Thrust are Mg-rich tholeiites. 
It is also observed that there is no definite trend between 
Mg-tholeiites and high Fe-tholeiites samples, suggesting 
that these tholeiitic were derived from more than one 
parental melt. 
Nesbitt et al. (1979) proposed a variation diagram 
kl^O^/tiO^ Vs TiO and argued that during mantle melting Ti 
lN«iiav«» sore incompatibly than Al when the extent of melting 
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is low. Later at higher extents of melting the Al/Ti ratio 
keep increasing till it reaches the source ratio and then it 
becomes constant, even though the absolute abundances o£ Al 
and Ti keep decreasing in the melt because of dilution. 
In the present study, the metabasic rocks of 
Garhwal Group are plotted in Al.O./TiO. Vs TiO. diagram 
(Fig.7.17). In this diagram it is observed that most of the 
sample samples are falling below the line demarcated for 
MORB field. The samples show a linear trend indicating 
probably different extent of melting of sirailiar or single 
source region. The other possibility is that tholeiites are 
derived from the same parental magma by fractional crystal-
lieation of olivine, augite and plagioclase (Bigger,1983). 
However when detailed chemistry of the individual sample is 
taken into consideration this probability is ruled out. For 
example sample RV-14 has the highest Al 0 /TiO ratio and 
lowest TiO and sample No. RV-1 has the lowest Al 0 /TiO 
ratio and highest concentration of TiO. but both these 
samples have similar Mg content which is not in accordance 
with the fractional crystallization model. Therefore, the 
author suggest that the basic rocks were generated possibly 
by different extent of melting of one single source or simi-
lar sources. However these individual samples could have 
undergone some fractionation, leading to the observed very 
•mall scatter. The plots of sample below the MORB field is 
due to their lower Al.O./TiO^ ratio and this lower ratio 
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could be rclatd possibly to aore coapatible nature of Al.O. 
at deeper levels. It is inferred that the melts were gene-
rated probably at depth greater than those for MORB possibly 
by different extents of melting of mantle sources. 
Francis et al. (1983) developed an Al-Si cation 
percentage grid diagram to understand the evolution of 
Povungnituk and Chukotat basalts from Cape-Smith fold belt, 
Canada. They argued that negative relationship between Al 
and Si, (i.e. drop in Al with increasing Si) should be 
expected if plagioclase was a liquidus phase in the melt. 
The metabasic rocks of Garhwal Group are plotted in Al-Si 
cation grid diagram (Fig.7.18). The plots do not show any 
apparent relationship in Al-Si, except for weakly defined 
trend for a few samples. The relationship between Al-Si is 
negative,indicating plagioclase saturation and fractionation 
during magma evolution. To understand the nature of possible 
parental melts an olivine fractionation, line was drawn in 
the figure cited above between samples representing most 
primitive composition (i.e. higest Al/Si ratio and lowest 
SiO. contents) and olivine/composition of Pyrolite-3 
(Francis et al.,1983). Such inferred parental melt could 
represent about 25Z partial melting of a source similar to 
that of pyrolite-3 at pressure of about 25 Kbs and at about 
1550 C temperature. 
Th« Al-Si grid diagram of metabasic rocks from 
Garhwal Group indicates the following features. 
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a) The position of majority of the samples in the 
diagram indicates that they must have 
equilibriated at temperature 1250°C-1350°C at 
pressures between 5-10 Kbs before their eruption. 
b) The melting of the source region occurred at above 
25 Kbs pressure and the melts were generated by 
about 302 of partial melting of pyrolitic source 
at about 1560 C temperature. 
c) The trend indicates an evolved nature for these 
melts, involving low pressure plagioclase 
fractionat ion. 
Hanson and Langmuir (1978) have discussed the 
application of major elements chemistry of raafic-ultramafic 
volcanics rocks, particularly their MgO-FeO contents, in 
petrogenetic modeling. They have constructed a MgO-FeO mol.Z 
diagram. This diagram shows composition during different 
extents of partial melting of pyrolite mantle, temperature 
and olivine composition with which the melt coexists. Left 
hand side boundary of the melt field represents the maximum 
extent of melting for a given temperature when olivine is 
the only residual phase. The line representing the upper 
boundary of the residue field gives olivine composition. 
Both the melts and residue fields are contoured for 
different extents of melting at various temperatures and at 
1 ata. pressure. This diagram gives the following infor-
mations: a) the rock represents a primary melt or differen-
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ti«ted melt; b) the priaary nelt shows the extent of 
Belting, tenpereture and composition of olivine; c) the 
differentiated melt shows extent of partial melting and the 
maximum extent of fractional crysallication. This diagram is 
useful in understanding the petrogenesis of mafic and ultra-
mafic rocks. However the diagram is valid only for a pyro-
lite mantle source which underwent a batch partial melting. 
The raetabasics of the Garhwal Group of Bhilangna 
valley are plotted in (MgO)-(FeO) mol.Z diagram (Fig.7.19). 
In the diagram the plots fall below 1 atm. melt field and 
show a large spared in terms of FeO with respect to a limi-
ted variation in MgO. Their position in this diagram 
indicates their evolved nature. 
However it is not clear whether the entire suite of 
these basaltic rocks could be related to one parental magma 
along some liquid line of descent. Below 1300 C olivine 
fractionation can not increase the iron content in the 
residual melt because Kd for iron between olivine and melt 
is >1 (Hanson and Langeuir,1978}. However combination of 
olivine and plagioclase or clinopyroxene fractionation could 
increase the iron content in the residual melt. These basic 
rocks appear to have come from source(s) with variable 
FeO:HgO ratios but certainly higher than a typical pyrolitic 
source in terns of FeO:MgO ratios. 
The MtO~FeO mol.Z diagram (Fig.7.19} for mctabasics 
of the Carhwal Group of Bhilangna valley support the infe-
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r«ne« drawn from Al-Si cation grid diagram of Francis ct al. 
(1983). 
1. Olivine fractionation crystallization was probably 
joined by plagioclase fractional crystallization 
at later stage of magma evolution giving rise to 
high FeO content in the samples. 
2. The samples probably equilibriated at about 
1200 C-1300 C temperature and 1 atm. pressure 
before its crystallization. 
CHAPTER - 8 
GEOCHEMIST&Y AND PETROGENESIS OF GRANITIC 
ROCKS OF THE OUTER CRYSTALLINES 
The granitic family includes a number of species of 
light coloured acid plutonic rocks which contain in varying 
proportions of the minerals, quartz, K-feldspar, plagioclase 
and ferromagnesium minerals. The further divisions within 
the group have been made on the basis of quartz, K-feldspar, 
plagioclase ratios as suggested by Streckeisen (1967). Most 
of the rocks of granite family are found in the mobile 
belts, where they owe their origin to the conditions of high 
temperature and abnormal crustal activity prevailing during 
orogeny. The study of the granites of the several orogenic 
belts has revealed that the different kinds of granites are 
not haphazardly distributed in the crust. Buddington (1959) 
racogoised three depths levels for granite eaplaceaent in 
North Aaerica, and Read (1955) recognised four types of 
granite le of mobile belt, each type being 
characteristic of a different crustal level of emplacement 
and a different stage in the tectonic cycle. 
The origin of granitic rocks is a complex 
petrological problem. Three principal theories regarding the 
formation of granitic rocks are widely accepted. 
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1. That granites are formed by the raetamorphisa of 
other rocks, usually sedimentary, through the 
actions of hot solutions which move up through the 
rocks and change them chemically. 
2. That they are metamorphosed from the same pre-
existing rocks not by solutions but by the exchange 
of ions among rocks forming crystals in the solid 
state. 
3. That they crystallize from molten magma deep in the 
earth's crust the kind of material known a« vol-
canic lava. 
Winkler (1967) has shown that anatexis of sediments 
only could give rise to granitic melts. Tuttle and Bowen 
(1958), based on experimental evidence and a statistical 
survey of granitic rocks, suggested magmatic origin. Arth 
and Hanson (1975) carried out work on the origin of Pre-
carabrian Crust of Minnesota. Later Barker and Arth (1976) 
studied the tonalitic and trondjheraitic liquid generation in 
Archean Bi-modal suite. However in recent developments in 
geochemistry of granitic rocks and experimental petrology 
have shown that granitic melts can be generated by partial 
melting of a variety of rocks in a braod range of P, PH^o 
and T conditions. Trace elements geochemistry of granitic 
rocks along with their petrogarphy,major elements,chemistry 
and field feology have shown to be very useful in terms of 
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reducing the possible models of petrogenesis to a few 
(Hanson, 1978). 
Geochemical interpretation for granitic rocks for 
their petrogenetic modelling using major and trace elements 
data are only semiquantitative. Further complicacy is crea-
ted by the inadequate understanding of the various elements 
during post crystallization processes. These rocks would 
have been affected by the metamorphism, metasomatism and 
passage of fluids to varying degrees. To certain extent 
mobility of some of the elements can be correlated to the 
grade of metamorphism, the large ion lithophile elements 
such as K, Rb, Sr, Ba, Th, U and Cs were found to be severly 
affected (Bridgewater and Collerson,1977; Rollinson and 
Windley, I960}. 
Since the inception of Central Gneiss by Stolicska 
(1865), all investigations regarding granitic rocks of the 
Himalaya continue to face the following inherent problems. 
1. The origin of the granitic rocks, with opinions 
ranging from igneous to metamorphic. 
2. Geological age of the granitic rocks, with opinions 
ranging from Precambrian to Tertiary. 
Thakur (1986),in his review paper on Himalayan 
granites, classified them into three groups. 
1. Granites of Chail and Jutogh nappes, dated 500-600 
•y. and aylonitic granit bands occurring at the 
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base of Chail nappe with varying age of 1200-1400 
•y* 
2. Central Crystallines granite gneiss of Higher 
Himalaya,dated at 1800-2000 my. 
3. Intrusive phase of Ladakh plutonic complex 103j*;3 
my. and 42-30 my. 
The granite gneiss of the Outer Crystallines, 
exposed at localities at Thayeli, Raunsal, Pokhar and Holta, 
has been studied for its geochemistry and petrogenesis in 
this chapter. Bhattacharya et al. (1982) dated this granite 
by Rb/Sr whole rock isochrons and assigned ages of 1276j^ l2 
my. and 1139M6 my. The work of Bhattacharya et al. (1982) 
was only confined to geochronology and practically no geo-
chemical study has been done on these rocks. 
8.1. SAMPLING TECHNIQUES 
Surface sampling of the granitic rocks was done for 
the present geochemical study. Adequate care was taken to 
collect fresh and unaltered samples. The samples of granitic 
rocks are collected from every part of the Outer Crystalline 
zone considering their raineralogical variations, texture and 
field relation. Special care has been taken during collec-
tions of samples from thrust or fault zone that the rock is 
not sheared in nature. A total number of 75 samples of gra-
nitic rocks covering across the regioanl trend were collac-
e<d from the different bands of granitic rocks. 
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8.2. SAMPLE PROCESSING 
Based on ehe petrographic studies, out of the total 
75 satapl«8, only 25 representative samples vere selected for 
geochemical study. 
Samples were hand crushed using geological hammer 
into pieces as big as the size of the thumb nail. Then about 
15Q gms. of powder was taken by coning and quartering for 
further powdering. 100 gms. sample was again powdered to~200 
mesh. Final fraction was throughly homogenized before it was 
used for chemical analysis. 
8.3. ANALYTICAL TECHNIQUES 
The powder obtained by above process was dried at a 
constant temperature of 100°C for about 6 hours or more in 
an oven to remove hygroscopic moisture before proceeding for 
preparation of solutions. The major elements were analysed 
by wet chemical method described by Shapiro and Brannock 
(1962). To prepare solution-A 0.1 gm of dry powder was fused 
with 3-4 NaOH pellets in nickel crucibles. This solution was 
used for determining ^iO and Al_0_ using visible 
Spectrophotometer. For other major and trace elements solu-
tion-B was prepared from 0.5 gms sample powder which was 
digested in HF-HNO. mixture in platinum crucible. This 
solution-B was used to determine TiO., MnO, total Iron, CaO 
and MgO by Atomic Absorption spectro- photometer. Na.O and 
K.O were determined using Flame photometer. All the analysed 
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samples were again rechccked by XRF in EDAX Laboratory, 
Ohio, U.S.A. The precession of the major elements data is 
about 2X Nb, Zr, Y, Sr and Rb were determined by XRF using 
Energy dispersive system. Sr and Rb were reanalysed b^ y 
Atomic Absortion Spectrophotometer. The precession of the 
data is better than IZ. Accuracy was checked using USGS rock 
standards. 
8.4. DATA INTERPRETATION 
In the Bhilangna valley, the Outer Crystallines 
belt comprises of mylonitized granite gneiss and granite 
gneis as major lithounits. The major and trace elements data 
for the 25 samples of granite gneiss are presented in table 
8.1, 8.1a and 8.1b along with various oxide ratios and CIFW 
norms. 
In order to understand the nature of the granitic 
rocks and to establish a chemical classification all the 
analysed 25 samples are plotted in the K.O VS Na.O diagram 
(Fig.8.1), which reflects that all the samples are falling 
in the field of granite. Since the rocks are enriched in K.O 
(upto 6.56Z) which is also reflected by the preponderance of 
•icroclinc in most of the rocks. Some samples displaying 
high amount of Na.O have oligoclase in appreciable amount. 
The Na^O/K^O ratios of the rocks are less than 1, which is a 
characteristic of microcline bearing granites (Elueze,1982}. 
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It is quite evident from table 8.1. that SiO. in 
2 
these rocks varies from 62-'78%, suggesting that the rocks 
are oversaturated.The Al^O. content in the rocks varies from 
12-15Z. Surprisingly the rocks ae depleted in soda which 
varies from 0.16 to 2.5%; on the other hand the K.O content 
varies from 2-6.56%. CaO and MgO varies between 0.2-1% and 
0.5-18% respectively. The total iron (Fe 0_+FeO) varies from 
0.4-5% and is dependent on concentration of mafic minerals. 
These minerals also control the distribution of TiO- that 
varies in the present case from 0.080% in more leucocratic 
rocks to 0.71% in biotite rich rocks. Concentration of MnO 
is very low (0.007 to 0.12%). Similarly Pn^s ^^^ quite low 
values (.001 to 0.9%). 
The trace elements determined for the Bhilangna 
granite are Ni, Cr, V, Ga, Pb, Sr, Y, Nb Nb, Zr, Cu, Rb, The Ni 
content varies from 7 ppm to 48 ppm and Cr ranges from 12 to 
26 ppm. Enhancement of Ni is in comparision with the Cr, V 
and Ga ranges from 2 to 31 ppm and 3 to 33 ppm respectively. 
Pb is ranging from 15 to 39 ppm and is comparable with the 
crustal rocks. Y ranges from 17-42 ppm and Nb ranges from 17 
to 39 ppm. Zr and Sr ranges from 51 to 88 ppm and 48 to 161 
ppm respectively. The Rb content in the granitic rocks is 
very high, it ranges from 119 to 396 PPM. The Rb shows a 
sympathetic relationship with potassium and Sr has a 
sympathetic relationship with calcium. 
l O r 
NogO % 
FIG. 8.1 K2O - N 020 v a r i a t i o n d iagram of grani t ic 
rocks of Outer C r a y s t a l l i n e s . 
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However, these granites are enriched in Rb (396 
ppra) compared with the value of 150 ppm Rb quoted by Taylor 
(1965) for granites. This suggests that these rocks either 
represent late stage of differentiation of granitic melts or 
melts derived from small degree of partial melting of the 
source material. The ratio for the K/Rb is normally between 
100 to 200, except for two samples which is showing more 
than 300. The ratio between 150-300 is normal for the 
granitic rocks. The granitic rocks are showing Sr ratio 
varying from 48 to 161 ppm with an average of 91.16. Taylor 
(1965) suggested average content of 100 ppm of Sr in 
granites. In these granites the average Sr is 91.16, indi-
cating the original source was not rich in Sr. The Rb/Sr 
ratio of these granitic rocks are very high, ranging from 
1.39 to 6.79. Y content in granitic rock is 27 an average 
which is lower than Taylor (1965) average i.e. 40 ppm. The 
Zr range in ' granitic rocks is 51-88 ppm.The average Zr 
content in the rock is 67.28. which is lower than the 
average Zr content 180 ppo in granites (Taylor 1965). 
The granitic rocks of Bhilangna Valley are 
oversaturated in nature and all the rocks are plotted in the 
Marker's variation diagram i.e. Oxides VS SiO. (Fig.8.2). 
A1„0- shows a gradual decrease with increasing SiO.. The 
points are scattered around SiO. 70-71%. Distribution of 
Na.O is not systematic as points appear scattered throughout 
the plot. This scattering must be due to uneven distribution 
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of N« 0 in the rock during metaraorphisn «s Na is a mobile 
element. However, there is a general decrease of Na with 
increase of SiO.. On the contrary,R.O shows less scattering 
of points. Because the SiO. content is higher than 70Z,the 
K.O content decreases for higher values of silica.This is a 
common feature in granites with very high SiO. content. 
Mainly MgO and CaO show a depletion tendency,however the 
elements do not show any particular trend and points are 
scattered between SiO. 72 and 75Z.TiO..which is less mobile, 
ranges upto 0.5Z does not show any particular increase or 
decrease with varying silica content and the trend is 
linear. Almost identical trend is followed by MnO. Total 
Iron is determined as Fe.O. and it shows a marked decrease 
with increasing SiO , the scattering of popoints is an 
indication of differential oxidation state of the rock 
sample. P^O, also decrease with increase in SiO. content but 
there is no definite trend. 
8.5. PBTROGENBSIS OF GRANITIC ROCKS 
From the foregoing descriptions it is obvious that 
the granitic rocks of the Outer Crystallines xone of 
Bhilangna valley are SiO. oversaturated. The mineralogical 
and chemical interpretations provide essential evidences, 
while field relations show their sequence of emplacement. 
The intimate association of granitic rocks with mctasedi-
•cnfcs, the gradual transition of granite or gneissosc 
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granite through the successive zone of gneisses and pclitic 
schists, concordant relatoinship o£ foliation in granitic 
rocks and aetasediments and presence of metasedimentary 
enclaves in the granitoids, all the features indicate that 
the granitic rocks are the product of transformation of 
metaeediinents due to introduction of quartzo- feldspathic 
material. The granitoids occur in a regionally metamorphosed 
environment and it is reasonably to accept the fact that the 
introduced material was developed due to the crustal melt-
ing. The chemical characteristics of granitoids suggest that 
the material was derived from partial melting of metamor-
phosed psammitic to pelitic sediments with which it is asso-
ciated. The granitoids are strongly peralurainous, and as 
Whitney et al (1976) point out that such peraluminous 
compositions can not be developed from aeta-aluminous magmas 
by simple fractionation of quartz and feldspar but require a 
peraluminous source. 
Since the genesis of granite is a most controver-
sial subject, a geochemical attempt has been made here to 
establish a possible parentage. In the present study the 
granitic rocks of Bhilangna valley have been plotted in 
Na O/AI2O2 Vs KjO/AlgO- diagram (Fig.8.3) to discriminate 
sedimentary and igneous parentage as has been proposed by 
the Carrels and Mackenzie (1971). The samples fall in the 
aetasediaentary field, suggaating that the granites are of 
•-type. 
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This vas further supported by plotting TiO. against 
SiO. (Fig.8.4) where the dividing line between metaigneous 
and metasedimentary is drawn after Tarney (1976). All the 
points of granitic rocks of the study area fall in the field 
of metasedimentary. 
The majority of the rock samples of study area are 
siliceous, containing over 70% of SiO-. £lueze (1982) 
plotted Ilesha granitic gneisses of Nigeria to decipher 
chemical maturity of the parent rocks. The SiO. VS Ca02 
diagram (Fig.8.5) are plotted for the granites of the study 
area and it envisages a negative correlation and scatter. 
There is a general trend towards higher SiO„/CaO ratio in 
siliceous microcline rich schistose granitic rocks of the 
study area. This variation trend parallel to the degree of 
chemical maturity of the parent rocks. 
Wahlstrom and Kim (1959) proposed a triangular 
diagram (1/asiO.-CaO+MgO-Na-O+K.O) for deciphering the 
original composition of the rocks. The granitic rocks of the 
Bhilangna valley are plotted in the same diagram (Fig.8.6) 
and all of the samples fall in the field of arkose. Fyf* at 
al. (1958) proposed that the metamorphic equivalent of the 
biotite rich granites are arkose in original sedimentary 
composition. Correlation of the chemical compostion suggests 
that these granites are deficient in MgO+CaO and enriched in 
Na-0 •- K.O. This indicates that metasomatism was very active 
•nd that leads to the introduction of alkalies and renoval 
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of femic components. During the increasing grade of 
metamorphism, the rocks were subjected to the potash 
metasomatism, leading to the replacement of plagioclase by 
potash feldspar. 
The arkosic composition of the Bhilangna granites 
T IS futher supported by a triangular diagram Fe_0 
+MgO-Na20-K20 of Marston (1978) (Fig.8.7). In this diagrma 
all the granitic rocks are plotted towards the K.O corner. 
This figure suggests that the granitic rocks of Outer 
Crystallines of the Bhilangna valley are derived from K.O 
rich arkose. Consistency in geochemistry for these rocks of 
similar mineralogy is to be expected if the isochemcial 
process was operative. The triangular diagram (Fig.8.7) 
depicts that the Bhilangna granites are originally potassic 
sandstones with a few enriched in ferromagnesium* Open 
system behaviour seems more prevalent in the mafic clastic 
rocks which contain more metamorphically generated minerals 
like hornblende, zoisite etc. Two samples of the studied 
granites fall in the field of tholeiitic basalt, this must 
be due to preponderance of Fe-Mg bearing heavy minerals 
which could not be depleted during the metasoroatic phases or 
accumulation of mafic minerals during metamorphic different 
tiation. The Fe 0. + MgO-Na.O-K-O diagram suggests that the 
Bhilangna granites are originally psammitic in conpostion* 
The intermediate composition represented by mafic arkosic 
rocks, reflects a nixed provenances. Holland and Laabort 
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(1975) proposed a tringular plot ^^2^3 * TiO. + 
CaO-SiO.-Al.O. to study the Scourie assemblages and made a 
comparison with Barooha's meta-arkose. In the present study 
granites fall in the arkose field (Fig.8.6} of Holland and 
Lambert. The original arkose, which gave rise to granitic 
rocks, are formed due to the degassing of CO^ with 
increasing grade of metamorphism. 
AFM plot is usd to illustrate the trends in magma-
tic rock series (Nockolds and Allen, 1953; Irvine and 
Baragar,1971). In the present study the granitic rocks of 
Bhilangna valley are poltted in Na.O •• K^O-MgO-Fe.O. diagram 
(Fig.8.9). This shows a calc-alkaline trend for the granitic 
rocks. The dominance of alkali metasomatism in the later 
phase leads to this trend and simultaneously reduction of 
Fe.O^ and MgO with the increasing grade of the metamorphism. 
However, in preceding paragraph it is denoted that the 
granitic rocks are arkosic in nature and it was derived from 
the deeper part of the crust. 
The SiO. range is over 702 in almost all the 
samples and sometime the rocks are deficient in CaO. It is 
concluded that Bhilangna to granites are broadly (non cal-
careous) psammitic in original composition. Zr/TiO. Vs Hi 
diagram is also used for distinguishing metaigneus and meta-
sedimentry rocks (Winchester and Max, 1982)(Fig.8.10). One 
possibility is that distribution of points may possibly 
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reflect* the presence of igneous detritus in original 
sedinents. 
8.6. P-T-COHDITIOH 
The granites are generated at great depths and »t 
high temperature ranging from 200 C.and onwards. In the 
nornative Q-Or~Ab-»-An data plotted on (Streckisen, 1975) 
triangular diagram (Fig.8.11), reveal that the Bhilangna 
granites are mostly falling in the field of granitoids and 
granites except two samples which come in the field of 
Quartz-monzonite. That these granites are rich in quartz and 
K-feldspar, is further supported by the field and petrogra-
phic evidences. 
Von-Platon (1965) has empirically found that the 
rocks of various compostion and containing plagioclase, 
alkali feldspar and quartz give compostion of the various 
bulk rocks compostions have the same normative Ab/An ratio. 
In other words the Ab/An ratio of any rock that contain 
plagioclase, alkali feldspar and quartz determines the 
composition of the 'Minimum' anatectic melt within a narrow 
limit. Decrease of the Ab/An ratio in the system is accom-
panied by a decrease of Ab and an increase of Quartz and 
orthoclase i|i the minimum melt. A higher Ab/An ratio in the 
bulk composition is essentially due to lower an content of 
the pl«t^o«l«a«. It is also suggested by Von-Platon(1965) 
that if Ab/An ratio is 1.8 the temperature of partial 
Ab + 
FIG.8.11 Normative Q - O r - A b + A n t r i a n g u l a r diagram 
of g ran i t i c rocks of Outer Crysta l l ines. 
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melting has gone upto 705 C with 2Kb. pressure. In the 
present study the Bhilangna granites exhibit Ab/Aa ratio 
with majority between 0.188 to 1.256 and some upto 7.749. 
These Ab/An ratios in the majority of cases suggest the 
formation of granitic raelt at high temperature. 
The Outer Crystalline granites of Bhilangna valley are 
plotted in normative Q-Ab-Or diagram (Fig.8.12} which infers 
the temperature for the formation of the granites around 
850*'c-900°C with pressure of 2 Kb. Probably the higher 
temperature for the formation of these granites indicate 
that the granitic liquid or magma was formed under H.O 
undersatured conditions (Wyllie,1977). Once the ratio 
between Ab/An is very less, the ratio of the minimum melt 
composition is around 0.2, so the mimimum melting tempe-
rature to produce this granitic melt is very high as the An 
content of plagioclase shifts the composition of minimum 
melt (Winkler,1976}. Water was not freely available in the 
sys tern. 
Detailed geochemical study of the granitic rocks of 
Outer Crystallines zone of the Bhilangna valley indicates 
that the granites are metasomatic in origin with the 
enrichment of Si, K in the pre-aetaraorphic metasediments. 
High and widely scattered mafic constituents in the 
granites, especially Al.O., CaO and MgO probably indicates 
the compositional differences in the parent rocks. Variation 
in K^O also suggests that uneven enrichment of potash which 
FIG. 8.12 Normative Q - A b - O r triangulor diagrom of granitic 
rocks oi Outer Crystollif>es 
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i» characteristics o£ ••tasomatic rather than aagaatic pro-
cess. The significant variations in the granite coaposition 
concern K.O/Na.O ratios. In the rocks different An content, 
the 'Minimum melt' according to Ab/An ratio (Winkler,1979). 
Thus variatble K.O/Na.O ratios in the granite may reflect 
non- homogenized 'Minimum' anatectic melt composition and 
this would indicate a unsaturated magma. 
K.O Vs Rb variation diagram (Fig.8.13) demonstrates the 
absence of correlations between the K and Rb content of 
Bhilangna granites and this behaviour is called 'Pegmatitic 
hydrothermal trend' by Shaw (1968) and emphasise the part 
played by certain fluid phase. 
The geochemical study reveals the following points: 
1. The granites depict the chracteristic calc-alkaline 
trend which is due to alkali metasomatism. 
2. Normative Q-Or-Ab+An diagram reveals that the rocks 
are granitoid and dominated by quartz and 
K-feldspar. 
3. Lower Ab/An ratio in the rocks indicates that the 
granite melt took place at higher temperature. 
4. Normative Q-Ab-Or diagram of Winkler (1976) reflect 
the temperature for the formation of the granitic 
melt at around 850**C-900*'c. 
5. Higher temperature for the formation of the granite 
melts indicate granitic liquid or magma formed 
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under H.O under«aturated conditions (Wyllie , 1977 ) , 
and water W«B mot freely available. 
6. These S-type granite rocks are falling in the 
granitic field in the geochemical classification, 
formed due to granitisation, alkali metasomatism 
and greisenisation of metasediments and belonged to 
the ultrametamorphic zone which is arkosic in 
nature and they show compositional irregularities. 
7. The metasediments possibly had initial lower 'Ca' 
and 'Sr' distribution owing to low ca content. 
Subsequent of granitization through metasomatism of 
the metasediments, there has been enrichment of K (6.56Z) 
and Rb (396 ppm) and sympathetic relationship between Rb and 
K/Rb ratios. 
The Rb/Sr whole rocks isochron ages for the Bhilangna 
granites are 12761^^12 ray. and 1139JH46 my. and the initial 
87 86 
Sr/ Sr ratios are 0.82 and 1.10 respectively 
(Bhattacharya et al. 1982). These ratios are indicative of 
87 
addition of radiogenic Sr consequent on Rb enrichment 
through K-aetasonatism. Significant variation in Rb/Sr 
ratios «ay be due to the level of Rb concentration conse-
quent on K-introduction in relation to Sr during the process 
of aetaaoMatisra both in space and time. It therefore implies 
that Ch« granite dates arc more older than propoaad by 
Bh«tt«ch«rya ct al. (19S2). 
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V«ldiy« (1964)^ and Gapta and Jain (1967) proposed 
that these granites are of Precanbrian age. The present 
author supports the view of Gansser (1964) and propose that 
the granites are from the root zone and may represent a 
reraobilised ancient Precambrian basement ridge (Saxena and 
Pande, 1968; Saxena,1971). 
CHAPTER - 9 
SUMMARY AUD CONCLUSIONS 
The investigated region located in the Bhilangna 
valley of Garhwal Himalaya covers an approximately 700 sq. 
km. area of the Lesser and Higher Himalaya zones between 
the latitudes aO^ZS' to 30°55' and longitudes 78°35' to 
78 55'. The rocks of the area have been classified into 
three major tectonic zones, viz., the Garhwal Group, the 
Outer Crystallines and the Central (inner) Crystallines. 
The Southernmost and the lower most tectonic unit, the 
Garhwal Group is separated from the overlying Outer 
Crystallines by the Chail Thrust which is also referred to 
as MCT-I; and the Outer Crystallines inturn is separated 
from the overlying Centr«l (Inner) Crystallines by the 
Jutogh Thrust,also referred to as MCT-lI.This lithotcctonic 
pile of raetamorphites shovs inverted metamorphic sequence 
i.e. metamorphic grade inc^reases upward in the sequence 
from the Garhwal Group to the Central (Inner) Crystallines. 
The Central (Inner) Crystallines is classified 
into the lower, the middle 4nd the upper units on the basis 
of actaaorphic grade. The lower unit consists of biotite 
gneiss and aaphibolite, the middle unit is made up of augcn 
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gneis* and «taurolite-garnet schist and the upp«r unit is 
of silliflsanite gneiss. 
The Outer Crystallines of Bhilangna valley is 
correlated with the Chail nappe of Sinla Hills and the 
Ramgarh nappe of Almora areas. It is further classified 
into the Pokhar unit and the Ghuttu unit. The Pokhar unit 
is made up of sheared granite gneiss, talc schist and mica 
schist together with phyllonite. Occurrences of quartzo-
feldspathic schist, chlorite schist and biotite schist are 
also not uncommon.The porphyritic gneiss shows considerable 
grain size variations and contains schist and quartsite 
intercalations. The Ghuttu unit, exposed in the area of 
Ghuttu window, comprises of slate, quartzite and phyllite. 
It is surrounded (overlain) by the gneisses of Outer 
Crystallines along a thrust contact. This thrust is Chail 
Thrust ( M C T ~ I ) and is characterised by development of 
phyllonite. 
The Garhwal Group comprises of predominantly 
quartzite and aetabasics together with intercalations of 
phyllite and chlorite schist. The rocks have suffered low 
grade mctaaorphism upto green-schist facias. In the present 
study only the upper part of the Garhwal Group, designated 
as the Ghansyali formation has been dealt with. The Garhwal. 
Group rocks are correlated with the Bcrinag Formation. 
All the lithotectonic units of the area have 
suffered common episode* of polyphase deformation showing 
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siailar «tructur«l features related to the three phases o£ 
deformation. The first phase of deformation (D^) produced 
appreesed tight to isoclinal folds which plunge towards HW 
or SE direction with varied angles. The folds are characte-
rised by long stretched limbs with angular to subrounded 
hinges. These folds have folded the lithological banding of 
raetaraorphic origin. It is assumed that the compositional 
banding of raetamorphic origin is the original planar 
structure (S ). The S. foliation is axial-plane type and is 
developed during 0. deformation phase. The mineral 
lineation L. is parallel to the fold axes of F. folds. The 
lineation plunges towards NW or NNW at low angles and occur 
on the S. axial-plane foliation. 
The second phase of deformation 0. has been 
id«ntifie<l «n the basis of fold style, superposed relation-
ship of the first and third phase structures. This defor-
mation event is most important episode as large scale over-
thrusting took place during D. deformation. Mylonitisation 
attributed to thrusting is related to D. deformation. The 
S. axial-plane foliation has been folded by F. folds which 
are tight to open type. F. fold axes plunge in MU or SE 
direction. The crenulation foliation is also formed during 
D- deformation. Pokhar Synforra and Ghuttu antiform, whose 
axial trace trend in NW-SE direction belong to D^ 
deformation. 
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The D deformation event produced F. folds of 
close to open types. F. folds plunge in NE direction. Their 
axes trend transverse to the axes of the F. and F. folds 
and hence they are called cross folds. The kink folds of D. 
deformation appear to have developed towards the late stage 
of D. deformation. 
It is observed that the MCT of Heim and Gansser 
(1939) is actually the Chail Thrust(MCT-I). Another thrust, 
equivalent to Jutogh Thrust of Simla Hills and Munsiari 
Thrust of Valdiya (1978) designated as MCT by some workers, 
has been referred to here as MCT-II. Vaikrita Thrust of 
Valdiya is located at a higher level than MCT-II in the 
sequence. In the Ghuttu window the Chail Thrust (MCT-l) has 
been folded by an antiform of D_ deformation. 
The detailed petrography, textural features and 
mineral paragenesis indicate that the rocks of the study 
area have sufferred progressive regional aetaaorphism, 
resulting in a series of Barrovian type index minerals. On 
the basis of mineral assemblages, it is inferred that the 
Garhwal Group and the Outer Crystallines rocks have been 
metamorphosed under green schist to lower araphibolite 
facies condition, where as the Central (Inner) Crystallines 
rocks have been metamorphosed under middle to upper aaphi-
bolite facies.Three distinct episodes of metamorphisn, M., 
M. and M. arc recognised and their time relation with 
l u l 
respect to the three deformation phases, D., D., and D^ are 
described on the basis of tnetanorphic textures. 
During the first phase of deformation (l^ i ) 
pervasive axial plane schistosity (^ i^  v^s developed 
accompanied by M. tnetamorphism that produced chlorite, 
biotite, muscovite, garnet, staurolite and sillimanite 
porphyroblasts. The porphyroblasts of S-shaped garnets are 
syntectonic with reference to D, deformation. The M. 
metamorphic episode is subjected to the 0_ deformation and 
produced F. open type folds and S. axial plane foliation. 
Since most of the minerals are having two phase growth 
history, it is inferred that the micaceous minerals conti~ 
nued their crystallization during 0. deformation and growth 
of idioblastic garnet (II) and staurolite (ll) porphyro-
blasts occurred during this metamorphic episode.The third 
phase of metamorphic episode is related to D. deformation. 
During this event all prograde index minerals were retro-
graded, like biotite and garnet altered to chlorite and 
sillimanite altered to sericite. 
Based on geochenical studies of the metabasic 
rocks of Garhwal Group, an attempt has been made to under-
stand the nature of the magma type, the process of its 
generation, nature of the source region and its emplacement 
history. The basic rocks have undergone spillitisation 
during the post aagmatic eruption.The rocks are essentially 
eovposcd of albite and pyroxene with chlorite. Their Vm^^ 
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content (average 4.65%) is high and CaO content (average 
7.28Z) is low. These mineralogical and chemical features 
strongly favour their definition as spillite. The geochem-
ical characters of basic rocks suggests a typical tholei-
itic nature of the magma.In the AFM diagram the basic rocks 
are occupying the field of calc-alkaline basalt; evident by 
the presence of nepheline in their normative composition. 
But calc-alkaline nature is infact due to Soda enrichment 
during spillitisation. A comparison between the high Na and 
Low Na samples shows that the effect of albitization is 
mostly on Na.O and CaO and to a lesser extent on SiO.. This 
observation supports the general belief that the spilliti-
sation also enriches SiO. in addition to Na during spilli-
tisation (Turner, 1948; Yoder, 1967). Data of TiO,, Al 0., 
Fe.O^,FeO,MgO, K.O and P.O. remain in the general range of 
tholeiitic composition. In Murata's diagram the basic rocks 
are occupying the tholeiitic basalt and alkali basalt field 
Since nost of the points are clustering near tholeiitic 
basalt, hence it is inferred that magraa represents an 
evolved nature and basaltic composition. The tholeiitic 
basalt is the initial composition of the magma. The major 
oxides and the trace elements study reveal that the basic 
rocks of the Bhilangna valley have an affinity with ocean 
floor tholeiite. It is inferred that the basic rocks were 
generated and emplaccd within a spreading centre. However, 
it i> not possible to say unequivocally whether the 
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spreading occurred in « large or a SDall ocean basin. 
(Pearce and Cann, 1973). Majority o£ the basic rocks are 
indicate high Mg tholeiite, but a f«w sanples also fall in 
the field of high Fe*tholeiite. It is also observed that 
there is no definite trend between high Mg tholeiites and 
high Fe-tholeiites samples, suggesting that the tholeiites 
were derived from more than one parental melt. The Al.O./ 
TiO. V8 TiO diagram suggests that most of the samples are 
falling below the line demarcated for HORB field. The 
samples show a linear trend indicating probably different 
extent of melting of similar or single source region. Lower 
Al^O./TiO. ratio could be related to possibly more 
compatible nature of Al.O^ at deeper levels. It is inferred 
that the melts were generated probably at depths greater 
than those for MORB possibly by different extents of 
melting of the mantle sources. 
The Al-Si cation grid diagram suggests that 
majority of the samples of basic rocks must have equili-
briated at temperature 1250 €-1350 C at pressures between 
5-10 Kbs before their eruption. Probably the melting of the 
source region occurred at about 25 kbs ("^  75 km. depth) 
pressures and the melts were generated by about 30Z of 
partial melting of pyrolitic sources at about 1560 C 
temperature. The negative trend indicates an evolved nature 
for the melts involving low pressure plagioclase fractio-
nation. MgO-FcO molecular percentage diagram of Hanson and 
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Langmulr (1978) supports the earlier established view o£ 
Al-Si cation diagram of Francis et al. (1983). This diagram 
suggests that the olivine fractional crystallization was 
probably controlled by the plagioclase fractional crystal-
lization at later stage of magma evolution giving rise to 
high FeO content in the samples and probably they are 
equilibriated at about 1200-1300 C temperature and 1 
atmospheric pressure before its crystallization. 
The field and geochemical studies of the granite 
gneiss of the Outer Crystallines zone of Bhilangna valley 
reveal that the granites have been formed by transformation 
of the country rocks by metasomatic processes. The granitic 
rocks are of S-types. The geochemical characteristics show 
calc-alkaline trend which is due to alkali metasomatism. 
Normative Q-Qr-Ab+An diagram reveals that the rocks are 
granitoid in nature and dominated by quartz and feldspar. 
The S-type granitic rocks are formed due to granitisation, 
alkali metasomatism and grisenisation of raetasediments in 
the ultraactaaorphic zone. Possibly the metasediments which 
had initial lower 'Ca' and 'Sr' distribution owing to low 
'Ca' content may be due to subsequent granitization of 
metasediments of Bhilangna valley. Also K/Rb ratios reveals 
that there has been enrichment of these elements during 
granitization. 
The low Ab/An ratio in the granites indicates 
that the granitic melt took place at higher temperature. 
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Q-Ab-Or diagram of Winkler (1976) indicates the temperature 
for the formation of the granitic melt is around SSO-QOO C 
at 2 Kb pressure and this high temperature is due to H.O 
undersaturated condition. 
Bhattacharya et al.,(1982) assigned the Rb/Sr 
isochron ages of 1276jfl2 my. and 1139M6 my. with initial 
87„ /86- ratios of 0.82 and 1.10 respectively for the Sr Sr r 1 
granite. Possibly the high 87. /86- ratios of Bhilangna 
e ' ' Sr Sr 
granites are indicating the period of events of metamor-
phism of the sediments followed by anatectic processes 
leading to K-metasomatism and concomitant granitization. 
Variation in Rb/Sr ratios may be attributed to the level of 
Rb concentration through Rb metasomatism accompanying 
K-metasomatism both in space and time. 
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